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STUDIES ON THE HOUSE DUST ALLERGEN(S) 
I. Tue RELATIONS BETWEEN ANTIGENIC AND ALLERGENIC COMPONENTS 


EpNA M. Fouuenssy, PH.D., Francis C. LOWELL, M.D., AND 
IrvING W. SCHILLER, M.D., Boston, Mass. 


HE source of the skin-reactive components present in extracts made from 

house dust, cotton, or kapok, especially after aging, has engaged the at- 
tention of many workers since house dust was first described by Cooke! as one 
cause of symptoms in patients with rhinitis and asthma. The object of the 
experiments reported herein was to identify in such materials those com- 
ponents inducing complement-fixing and precipitating antibody in rabbits and 
to study the relation between these and that giving rise to skin reactions in 
clinically dust-sensitive persons. If successful, such a step might facilitate 
later attempts to trace the source of such antigenie and allergenic materials 
as are present in them. 

MATERIALS AND METHODS 


Dust Extracts —Extract E, used as the principal antigen, was a lyophyl- 
ized light brown powder obtained by precipitation with acetone and dioxane 
from an aqueous extract of old cotton mattress stuffing.* One gram of the 
powder was readily soluble in 10 ml. of physiologic saline to give a 1:10 dilu- 
tion, a somewhat viseid, dark brown solution; clear-cut skin reactions were 
obtainable in selected persons with dilutions of 1:40,000 or higher. 

Extract C was a purified fraction prepared from a house dust extract 
kindly supplied by Dr. D. H. Campbell.’ 


Adjuvant Mirture.—Sterile technique was used in preparing the adjuvant 
mixture, which contained one part of Falba, 1.2 parts of Bayol F containing 


_From_ the Evans Memorial, Massachusetts Memorial Hospitals, and the Department of 
Medicine, Boston University School of Medicine, Boston, Massachusetts. 
Supported by a grant from the United States Public Health Service. 
Received for publication Sept. 12, 1955. 
_ *We are indebted to Dr. Samuel M. Gordon, Endo Products, Inc., for a liberal supply of 
this extract, for a generous quantity of old mattress stuffing, the starting material for: extract 
£, and an extract prepared from freshly ginned cotton. 
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20 mg./100 ml. of heat-killed, dried Mycobacterium butyricum, and 1.8 parts 
of a glycerinated extract E (1 gm./60 ml.). This mixture was freshly pre. 
pared each time injections were given. 

Antisera.—The schedule followed in immunizing the rabbits is shown in 
Table I. Two groups were injected with extract E. Positive results in com. 
plement fixation tests were observed with the antisera from the first group of: 
five rabbits (Nos. 1 to 5), but the precipitin reactions were weak and the sera 
were not useful in agar diffusion tests. 





TABLE I. IMMUNIZATION OF RABBITS WITH Dust Extract E 








es 






































NUMBER OF TOTAL EX- q 
SITES TRACT* IN- BLEEDING 4 
DATE RABBIT NO. ROUTE INJECTED JECTED (ML.) NO. : 
First Group 4 
7/31/53 1-5 Subcutaneous 2 d 
9/16 1-5 Subcutaneous 2 1.0+ ; 
10/22 \! 
11/6 1-5 Intracutaneous 6 1.2-2.0 
12/23 1-5 Z 
3/16/54 1-5 Subcutaneous 1 1.0 of 1:400 
3/18 1-5 1 1.0 of 1:200 
3/23 1-5 3 
Second Group 
11/12/53 6-11 Intracutaneous 10 2.6-3.0** 
11/13 12-15 Intracutaneous 10 3.0-4.0** 
12/23 6, 7, 8, 13, 14, 15 1 
12/29 9-12 1 
3/16/54 6-14 Subcutaneous 1 1.0 of 1:400 
3/18 6-14 Subcutaneous 1 1.0 of 1:200 
3/19 6-14 Subcutaneous 1 1.0 of 1:120 
3/23 6,7 2 
3/24 8, 9, 10, 13 2 
3/25 1, 12, 14 2 
4/14 10 3 
5/18 14 Subcutaneous 1 1.0 of 1:400 
5/21 14 Subcutaneous L-. 1.0 of 1:120 
5/26 14 3 
10/20 6-9 Subcutaneous 1 0.2 of 1:400 
10/21 6-9 Subcutaneous a] 0.35 of 1:400 
10/22 6-9 Subcutaneous al 1.0 of 1:400 
10/25 6-9 Subcutaneous 1 1.0 of 1:400 
10/27 6-9 Subcutaneous 1 1.5 of 1:400 
11/2 6-9 3 
715 11-13 3 
11723 6-9 4 












*In saline solution except where indicated. 
yExtract incorporated in adjuvant (see text). 





After preliminary bleeding (normal sera) rabbits 6 to 15 were given ex- 
tract E with adjuvant intracutancously, followed later by two series of sub- 
cutaneous injections of extract diluted 1:120, 1:200, or 1:400 in physiologic 
saline. The antisera obtained from these rabbits were used satisfactorily in 
agar diffusion tests. 








A total of forty-seven immune bleedings was obtained from the fifteen 
‘abbits, comprising fifteen first bleedings, fourteen second bleedings, fourteen 
third bleedings, and four fourth bleedings. 
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Complement Fixation.—The 50 per cent unit of 1:100 guinea pig C’ was 
determined with the Coleman Junior spectrophotometer. Four units and 0.2 
ml, of a 1 per cent suspension of washed sheep cells sensitized with 2 units of 
rabbit antisheep lysin were used in the fixation tests. The fixing and final 
volumes were 0.35 and 0.5 ml., respectively. The mixture of complement, anti- 
serum, and antigen was incubated for eighteen to twenty-four hours at 4° to 
6° (, and again, after the addition of the lytic system, for thirty minutes at 
979 (. The diluent for all reagents was Veronal buffer.* The maximal dose 
of both antiserum and antigen was one-fourth the anticomplementary dose 
which, for the antisera, ranged from 0.1 ml. of 1:10 to 0.1 ml. of 1:100; for 
the dust antigen it was 0.1 ml. of a 1:4,000 dilution. The antigen was usually 
diluted in twofold steps to 1 :64,000 or higher. 


Agar Diffusion —Agar diffusion tests, using 0.6 per cent agar containing 
0.4 per cent phenol, were done in tubes by both single diffusion and double 
diffusion techniques. With the same coneentration of agar, tests were also 
done in plates,® using Petri dishes 55 to 60 mm. in diameter. Wells were 
formed with penicillin cups 15 to 30 mm. apart. For comparison of the re- 
activity of two antisera with one antigen or of two antigens with one anti- 
serum, the three cups were carefully set at the apices of an equilateral tri- 
angle. In the majority of the tests with agar in tubes or in plates, the anti- 
sera were diluted 1:2, although more dilute or undiluted serum was also used 
in some instances. The diluent for antiserum and antigen was 0.85 per cent 
sodium chloride solution containing 0.4 per cent phenol. 


RESULTS 

Skin Reactions to Extract E in Immunized Rabbits—The rabbits did not 
react with either general or local manifestations to the subcutaneous stimu- 
lating injections of extract E. Intraecutaneous tests, which were read at 
twenty minutes and again at twenty-four and forty-eight hours, were done at 
two different dates on some of the rabbits in the second group (Table II). 
There were no reactions seen at twenty minutes. In the earlier tests, done 
four weeks after the initial stimulating injections, all of eight rabbits showed 
some degree of reaction at twenty-four or forty-eight hours to a 1:400 dilution 
of extract. In the later tests, done in seven of these rabbits, all gave some re- 
action in twenty-four to forty-eight hours with the extraet diluted 1:4,000. 


In Vitro Tests With Antisera and Dust Extract E.—A\II of forty-seven anti- 
sera obtained from the injected animals contained precipitins as determined 
by the interfacial technique. The sera from the five rabbits in the first group 
produced somewhat less precipitate than the sera from the ten rabbits in the 
second group and, as would be expected, more precipitate was seen in the later 
bleedings from all animals. 

Forty-five of the forty-seven antisera were tested for their capacity to fix 
complement with the homologous extract E. Only three antisera failed to 
fix, but these were so anticomplementary that they could not be used in dilu- 
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tions lower than 1:80 or 1:100. The remaining forty-two antisera fixed com. 
pletely with extract diluted 1:4,000 and some with extract diluted 1 64,000 


(Table II). 


TABLE II. 


SEROLOGICAL AND SKIN TESTS IN RABBITS WITH Dust Extract E 








ANTI- 
SERUM 
NO, 


DILUTION 
OF ANTI- 
SERUM* 


TITERt BY COMPLEMENT 


FIXATION 


(PER CENT FIXATION ) 


: ot eee —— 
DEGREE OF SKIN REAC- 
TIVITY} IN IMMUNIZEp 
RABBITS 


AGAR DIFFUSION 
TECHNIQUE 


(MAXIMAL NO. |__-RABI 
OF BANDS) 4/14/54 | 127137547 





100 


75. =| 350 








30 
40 
100 


100 
40 
100 


OF 


oo 


70 


25 


70 
60 


100 
40 
100 


10 
10 
50 


70 


5 10 
5 


15, 
15N9 10 


10,000 
32,000 
16,000 


10,000 
32,000 


10,000 
32,000 


32,000 
16,000 


32,000 
32,000 
32,000 


16,000 
64,000 


16,000 
32,000 
16,000 


40,000 
32,000 
16,009 


48,000 
32,000 
16,000 


64,000 
32,009 


40,000 = 100,000 


64,000 


64,000 128,000 


32,000 


64,000 
64,000 


128,000 
64,000 


32,000 
128,000 


32,000 


64,000 
32,000 


64,000 
8,000 


32,000 


64,000 





BY PLATE | BY TUBE| 4,000 | 400 | 4,000 | 4005 
9 SS 


4 4 0 ++ + 0| 





*Ixpressed as reciprocal of serum dilution. 
7iExpressed reciprocal of antigen dilution. 
tRead at twenty-four hours. 
Erythema less than 10 mm., no edema = +. 
Erythema 10 mm. or more, no edema = +. 
Erythema 10 mm. or more, slight edema or hemorrhagic area 
Erythema 10 mm. or more, definite edema = +++. 
§Expressed as reciprocal of dilutions of dust extract E. 
||Test done twice with negative result. 
{Normal serum, 


as 
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Preimmunization (normal) sera from animals 14 and 15 had some fixing 
capacity for dust extract. Animal 15, in a dilution of 1:10, fixed almost as 
well as the immune bleeding in the same dilution. Neither of these produced 
precipitate in the interfacial test. The preimmunization sera from the remain- 
ing eight animals did not fix complement in doses of 0.1 ml. of 1:20 or 1:30 
dilution of serum. 

With the small amount of C’ used, no prozones were observed in any of 
these tests for fixation, perhaps because the range of antigen dilution was of 
necessity limited by the anticomplementary nature of extract E. With the 
use of 12 units of C’, permitting a maximal antigen concentration of 1:400, 
there was a Short prozone with three antisera with the weakest of the three 
dilutions of serum tested. Only one zone of fixation was observed although, 
as judged by agar diffusion tests to be described below, most of the antisera 
contained antibody for two or more antigens. It was felt, therefore, that 
analysis of the antigenic composition of the extract by complement fixation 
would require very extensive testing and might not be rewarding. 

Twenty-six immune sera were tested in tubes* or platest with extract E 
by the agar diffusion technique. All the immune sera gave one or more bands 
and the third bleeding from animal No. 6 (serum 6,) gave five, the greatest 
number observed with any of the sera. The results are shown in Table II. 
It is interesting to note that sera from the third bleedings from rabbits 11, 
12, and 15 produeed bands, although these rabbits had not received any in- 
jections for thirty-four weeks. 

Using serum 6, as the reference serum, agar diffusion tests were done in 
plates to compare the bands produced by eight other antisera from the second 
group of rabbits. All these gave two heavy bands which joined with the 
heavy bands produced by 6, (reactions of identity®). Extract E, therefore, 
contained two major antigens to which these rabbits responded with produc- 
tion of antibody. The presence of two, rather than a single major antigen, 
as has been deseribed,’? may be attributable to the difference in the manner 
in which the extracts were prepared. In addition to No. 6, some animals 
formed antibody, as judged by band formation in agar, to one or more other 
antigens present in the extract (see Table I). 

Relationship of the Two Major Antigens in Extract E to the Component 
Responsible for Its Reactivity in the Skin of Dust-Sensitive Persons.—In the fol- 
lowing, we proceeded on the assumption that if either of the major antigenic 
components were responsible for the reactivity of extract E in the skin of 
dust-sensitive subjects, then the reactive component should go down with the 
inmunologie precipitate. Accordingly, a mixture of 10 ml. of serum No. 14. 
and 10 ml. of extract E 1:40 was made, judged by flocculation tests to repre- 
sent optimal proportions. After this had stood for three days at 4° to 6° C., 
it was centrifuged and the supernatant was removed. The tube was wiped 
out with sterile gauze and the precipitate was washed once with cold sterile 
Saline. Dissociation of this precipitate was attempted by mixing it with 12 
ml. of 15 per cent sodium chloride solution.” After this mixture had stood for 
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eighteen to twenty-four hours at 35° C., it was centrifuged and the super. 
natant was removed. No precipitate formed when acetone was added to thig 
supernatant to a concentration of 33 per cent. When the amount of acetone 
was increased to 66 per cent to precipitate any skin-reactive material present, 
the mixture became slightly opalescent. This precipitate was separated ip 
the centrifuge, saline was added to it, and the insoluble material (rabbit serum 
protein, ete.) was separated in the centrifuge. The supernatant was inactive 
in the skin of a suitable dust-sensitive subject. The supernatant of the orig- 
inal mixture described previously, which formed no bands in agar when tested 
with antiserum, was tested in the skin of the same subject before and after 
removal of the rabbit serum proteins by heating to 90° C. In confirmation of 
the findings of Boatner and Efron’ and Rimington, Stillwell, and Maunsell! 
heating the dust extract under study did not diminish its reactivity in the 
skin. When diluted to give a final concentration of extract E of 1:40,000, the 
heated and unheated supernatants reacted to the same degree in the skin as 
extract E freshly diluted to 1 :40,000. 

Because of the complex nature of the serologie system, one could not be 
certain that the mixture of antiserum and antigen had been made in optimal 
proportions or, indeed, under circumstances wherein a substantial proportion 
of the antigen in question had been removed. The same type of experiment 
was carried out, therefore, in the region of clear-cut antibody excess. Mix- 
tures containing equal parts of antiserum and extract E 1:400 were prepared 
with three different rabbit antisera. After five days at 4° to 6° C., the pre- 
cipitate present was separated in the centrifuge and the supernatant was saved 
for testing. In agar diffusion tests the unheated supernatant formed the same 
number of bands with extract E as the corresponding antisera diluted 1:2, 
showing that precipitating antibody was in excess in these mixtures. <A por- 
tion of each supernatant was heated as deseribed previously. Both the heated 
supernatants, diluted so as to bring the extract to 1:40,000, and extract E, 
diluted 1:40,000, were equally reactive in the skin of a dust-sensitive subject. 
The same result was obtained when the experiment was repeated using ex- 
tract E 1:4,000 instead of 1 :400. 

These results indicate that the skin-reactive material was not precipitated 
by the antiserum. That precipitation was complete, or nearly complete, in 
the first experiment done with equal parts of antiserum and extract E 1:40 
was indicated by the failure of the unheated supernatant to form bands in 
agar diffusion tests when tested with antiserum. In the experiments done with 
the extract diluted 1:400, the formation of bands indicated a definite excess 
of precipitating antibody. It was concluded from this experiment, therefore, 
that the skin-reactive component of extract E was not identical with either of 
the major precipitating antigens in the extract. This indicates that the i 
vitro standardization of house dust extract by the agar diffusion technique, 
as suggested by Wodehouse,’® will be unwarranted unless a correlation be- 
tween the specifically precipitable antigens and the skin-reactive component 
of the extract is first established. 
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To test further the effect of heat, extract E diluted 1:40 was heated for 
twenty minutes at 60° and 80° C. and each heated sample, together with an 
unheated control, was tested by agar diffusion in plates. Heating to 60° C. 
was without effect, but the sample heated to 80° C. formed no bands. 

It is evident that the serologic activity of extract E was more easily 
destroyed by heating than the allergenic activity, since the latter was ap- 
parently unchanged after heating for ten minutes at 90° C. Rimington and 
his associates? reported that the allergenic activity of their purified dust ex- 
tract was undiminished after thirty minutes of refluxing with 0.5N hydro- 
chlorie acid at 100° C. 

Tests for complement fixation were done with the heated supernatant 
from the first mixture made with extract E 1:40 and antiserum 14.. It was 
readily shown that heating extract E alone enhanced its anticomplementary 
activity more than fivefold. (For this reason, fixation tests with the heated 
extract were not attempted.) However, the heated supernatant from the 
immune precipitate was, roughly, five times less anticomplementary than un- 
heated extract E. This indicates that one, or both, of the major antigenic 
components of the dust extract was the chief source of its anticomplementary 
activity. Six antisera, including 14,, were tested for fixing capacity with this 
supernatant. There were varying degrees of fixation by the sera, one fixing 
completely with dilutions of 1:800 to 1:6,400; 14, fixed, but not completely, 
with dilutions of 1:800 and 1 :1,600. 

It appears, therefore, that removing the immune precipitate and heating 
the supernatant to 90° C. abolished the capacity of the dust antigen to form 
bands in agar, lowered the minimal fixing dilution, and markedly decreased 
anticomplementary activity as compared with extract E heated in the same 
manner, but did not remove all fixing antigen and left its skin reactivity un- 
impaired. These findings, coupled with the presence of complement-fixing ac- 
tivity in two normal rabbit sera lacking precipitins, suggest that an antigen 
was present in extract E which fixed complement and which was not one of 
the major precipitating antigens. This conclusion cannot be other than tenta- 
tive in view of quantitative considerations. 

Tests With Dust Extract C.—Dust extract C was studied in complement 
fixation tests, by agar diffusion, and in the skin of dust-sensitive subjects. In 
agar diffusion, two faint bands were produced in tubes which appeared to be 
different in character from any of those produced by the homologous extract 
E; in plates, a single hazy band was produced, which did not join with the 
two major bands produced by extract E. In complement fixation tests, seven 
of the nine antisera tested fixed completely with dilutions of extract C ranging 
from 1:2,000 to 1:32,000. With only two of these seven sera, however, was the 
minimal fixing dilution of extract C as high as that of extract E, whereas in 
the other five sera this was two to sixteen times lower. It appears, therefore, 
that the antigenically reactive substances in extract E had not been concen- 
trated in the course of the preparation and ‘‘purification’’ of extract C. Fur- 
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thermore, it was distinctly less active than extract E in skin tests. We }p. 
lieve, therefore, that extract C was composed chiefly of relatively inert ma. 
terial. 

Tests With Other Extracts—A econeentrated fraction,* which was pre- 
pared from freshly ginned cotton in the same manner as that of extract E, 
fixed complement in low dilution only, produced two very faint bands in agar, 
and was not reactive in the skin of dust-sensitive subjects. This finding is not 
surprising in view of the conclusions of others’ '* that aging is required for 
the development of allergenic activity in cotton and other similar materials, 

An extract prepared from dust collected in a large library, and econcen- 
trated so that 1 ml. was equivalent to 1 gram of dust, formed bands in agar 
diffusion tests which were almost as heavy as those formed by extract E, but 
in skin tests a dilution of 1:30 was approximately equivalent to that of extraet 
E diluted 1:40,000. Here again, allergenicity is not correlated with band for- 
ination in agar. <A second extract was prepared from dust collected with an 
electrostatic precipitator in the home of a clinically dust-sensitive asthmatic 
patient. Two grams was thoroughly extracted by mixing with 30 ml. of water 
in a Waring Blendor. This extract formed two faint bands in agar diffusion 
tests and it was reactive in the skin of a dust-sensitive subject in a dilution 
of 122. 

One of the major serologically active components of extract KE and skin- 
reactive activity were present in simple aqueous extracts of old cotton mat- 
tress stuffing prepared by us. 


Tests With Components of the Cotton Plant (Gossypium barbadense ).—The 
possibility that antigens from either the cottonseed or the plant itself might 
be the source of some of the antigenic components of extraet E was also in- 
vestigated. Extracts of the finely ground seed prepared with Coca’s ex- 
tracting fluid did not react in interfacial tests with five immune sera, but an 
extract prepared with physiologie saline reacted markedly, not only with 
these sera but also with three normal rabbit sera. The difference in the be- 
havior of these two extracts perhaps may be attributable to the difference in 
pH during extraction. Dried fresh leaves and stems of the cotton plant, ex- 
tracted with physiologic saline, did not reaet in interfacial tests with four im- 
mune sera. These studies are still in progress. 


DISCUSSION 


The results reported herein indicate that a concentrated aqueous extract 
of old cotton contains at least five antigenic components, two of which (major 
antigens) were demonstrable with most of the antisera prepared in rabbits. 
Strong evidence is presented to indicate that these two major antigens were 
not responsible for the reactivity of extract E in the skin of dust-sensitive 
persons. As these antigens and skin reactivity were lacking or present in 
very small amounts in an extract prepared from freshly ginned cotton, they 
presumably develop in cotton with the passage of time. They presumably 












*Kindly supplied by Dr. Samuel M. Gordon. 
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must arise from growth of organisms (bacteria, molds), from spontaneous 


chemical change (oxidation?) in cellulose or other components of the cotton 


fber, or as an atmospheric deposit. As allergenic activity appears to be 
widely distributed in house dust and stuffing from upholstery and old cotton 
mattresses, decaying vegetation with which the ground out-of-doors is littered 
likewise might be regarded as a possible source of the same or very similar 
allergenic activity. Were this the case, however, one might expect that such 
allergenically active components, being water soluble, would be leached out 
by rain and lost. 

Failure to demonstrate neutralization of the allergen in the experiments 
in which supernatants from mixtures of antiserum and extract E were tested 
for allergeni¢ activity cannot be attributed conclusively to lack of antibody in 
the rabbit sera for the allergenic component. The first of the supernatants 
obtained from the mixture of equal volumes of serum 14, and extract E 1:40 
required 500-fold dilution prior to carrying out the skin tests. This might 
have caused dissociation of a soluble antigen-antibody complex, if such were 
present, releasing allergenic material. Also, in the later tests, the effect of 
heat upon such soluble antigen-antibody complexes is not known. However, 
these possibilities appear to us as an unlikely explanation of the results. On 
the other hand, the conclusion that allergenic activity was not removed in the 
antigen-antibody precipitate cannot be questioned. The finding that a dust 
extract, skin reactive in a dilution of 1:30, formed dense bands comparable to 
those formed by extract E 1:40, clearly reactive in skin in a dilution of 
1:40,000, is further evidence that there is no correlation between the forma- 
tion of bands with rabbit antisera to extract E and allergenic activity. 

It is probable that the two antigens in extract E forming the heavy bands 
in agar diffusion tests were the ones mainly responsible for fixation in the 
complement fixation tests. With many of the antisera, these bands formed 
very close together, which may indicate approximately equal amounts of anti- 
body to each, and this would make it difficult to demonstrate zones of fixation. 
Those antigens in extract E that formed faint bands near the antigen well 
were probably present in such low concentrations that they would not have 
fixed C’ in the dilutions of extract E used. 

The results of precipitin tests with extracts of cottonseed and cotton plant 
indicate that they were not a source of antigeni¢ material in extract E. 


SUMMARY AND CONCLUSIONS 
1. A concentrated aqueous extract of old cotton (extract E) gave rise to 
precipitating and complement-fixing antibody in rabbits. 
2. Extract E contained at least five antigenie components, two major and 
three minor, and at least one skin-reactive component. 
5. These antigenic components were either not present or present in very 
small amounts in a concentrated aqueous extract of freshly ginned cotton, 
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which was likewise unreactive in the skin of a dust-sensitive subject; nor were 
they found in extracts of cottonseed or the leaves and the stems of the cotton 
plant. 


Y 


4. Heating extract E to 90° C. enhanced its anticomplementary activity 
and abolished its capacity to form immunologic precipitates, but did not alter 
its reactivity in the skin of dust-sensitive subjects. 


5. Removal of an immune precipitate from extract E in the presence of. 
excess antibody did not alter the reactivity of the extract in the skin. This 
and other findings strongly indicate that the skin reactivity of extract E did 
not reside in the two major antigenic components. 


We gratefully acknowledge the technical assistance of Mrs. Elizabeth T. Leach. 
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THE EFFECTIVENESS OF THE RAGWEED ERADICATION 
CAMPAIGNS IN NEW YORK CITY 


A 9-YEaR Stupy (1946-1954) 
MarrHew Wauzer, M.D., AND BERNARD B. SrEGEL, M.D., BRooKuyn, N. Y. 


INCE 1936, the Allergy Division of The Jewish Hospital of Brooklyn has 

been estimating daily the pollen content of the air in the Borough of 
srooklyn during pollinating seasons. When, in 1946, the National Pollen Sur- 
vey Committee of the American Academy of Allergy standardized the tech- 
niques for pollen counting,’ ? the surveys were promptly enlarged to include 
not only all the boroughs of New York City but also the surrounding metro- 
politan area.*? Coineidently, in 1946, the New York City Department of Health 
initiated ‘‘Operation Ragweed,’’ a series of annual ragweed eradication cam- 
paigns within the city which have been continued without interruption up to 
the present time. 

Variations in rainfall, sunshine, temperature, wind direction and velocity, 
and other meteorologie factors cause wide fluctuations in the seasonal pollen 
index of a community from year to year. Henee, a final evaluation of the 
effectiveness of ‘‘Operation Ragweed’”’ was postponed until the influence of 
meteorologie variations on New York’s pollen index could be weighed. After 
nine years of pollen surveys during which the counts were correlated daily 
with the weather data, the relative importance of the various meteorologic 
factors in this community has been established. On the basis of this informa- 
tion, an equitable evaluation of the effectiveness of ‘‘Operation Ragweed’’ may 
now be attempted. 

For the first four years of ‘‘Operation Ragweed,’’ a decline in the city’s 
ragweed acreage was reported by the Health Department.‘ For the last five 
years, however, no further diminution was noted. On the basis of pollen 
counts no consistent decline in New York City’s pollen index has been ob- 
served over the nine-year period. Under the circumstances, it is reasonable 
to assume that the full benefits of ‘‘Operation Ragweed’’ have been realized 
and that continuation of the same program will not materially alter the situa- 
tion. The time, therefore, seems suitable for an evaluation of the benefits of 
this program. 

The analysis presented here covers the longest and most intensive studies 
on record on what probably has been the most extended and systematic effort 
by a large city to rid itself of ragweed. Durham® previously reported on Chi- 
cago’s three-year eradication drive on ragweed which proved to be completely 
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ineffective. Durham’s observations and the data provided in this analysis of 
New York’s efforts should provide some guidance to those communities 
throughout the country which contemplate embarking on their own local proj- 
ects for ragweed eradication. 
SCOPE OF POLLEN SURVEYS 

A. In New York City—Throughout the ragweed season daily counts were 
made from greased slides exposed for twenty-four-hour periods in Durham 
shelters at various stations throughout the five city boroughs. Within the city 
there were 11 stations studied for periods varying from one to nine seasons for 


a total of 52 station-seasons. (Table I and Fig. 1). In addition to the above, 
Brooklyn counts, which had been started in 1936 using the old technique, were 











SCALE IN MILES 
10 15 








AS 











Fig. 1.—Distribution of stations studied in the New York City metropolitan area within 
a radius of 50 miles of Columbus Circle, 59th St., Manhattan. At the center are the five 
boroughs of New York City which, starting at the left and rotating clockwise, include Staten 
Island, Manhattan, the Bronx, Queens, and Brooklyn. 


continued annually. They proved useful in comparing Brooklyn’s pollen in- 
dices before and after 1946, at which point the ragweed eradication program 
and new counting methods were instituted. 

B. In the Metropolitan Area Around New York City.—Outside of the city’s 
borders, in the area within approximately a 50-mile radius of Columbus Cirele 
in New York City, 19 stations were surveyed, providing 46 seasonal studies 
(Table II and Fig. 1). Included were stations in New Jersey, Connecticut, 
and in Westchester County and Long Island in New York State. There was, 
in addition, a station on the Atlantic Ocean at Ambrose Lightship. 
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TaBLE I. STATIONS STUDIED IN NEw YorRK City, 1946 To 1954 INCLUSIVE 


























































rT | TOTAL 
STATION- 
BOROUGH STATION 1946(1947 1948 |}1949}1950/1951)|1952|1953|1954| SEASONS 
Brooklyn The Jewish Hospitalof x x x x xX xX xX xX xX 9 
‘ Brooklyn 
Brooklyn College x 1 
Fort Hamilton x i 
Manhattan U.S. Weather Bureau . = Se SM 5 
Central Park 
U.S. Weather Bureau x > x x x x 6 
Battery ; 
Queens Rockaway Beach x x x x x x x x § 
Hospital 
Chamber of Commerce x x > x x x x x x 9 
Bldg. Flushing 
Jamaica Hospital x 1 
Bronx Montefiore Hospital S = = & & 5) 
Fordham Hospital x 1 
Staten Sea View Hospital x x x D x x 6 
Island 












Total 11 stations 












This analysis, therefore, covers the findings obtained with the standard 
technique from 1946 to 1954, inclusive, at 30 stations in and around New York 
City and ineludes data on 98 station-seasons. It also makes use of the counts 
made with the old technique at the Brooklyn station during the ragweed sea- 
sons of 1937 to 1954, inclusive. 








TABLE II. Stations Stupiep ARoUND NEw York City, 1946 To 1954 INCLUSIVE 
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STATE STATION 1946 | 1947 | 1948} 1949 | 1950/1951 |1952/1953/1954| SEASONS 

New Jersey New Brunswick x x = x x xs x & 8 
Verona x x x x 4 
Maplewood = = & 3 
Sandy Hook x x 2 
Freehold x E 
Marlboro x 1 
Teaneck x 1 
Westwood x 1 
Dover x 1 

Connecticut Bridgeport x x x x x x x 7 
Stamford x 1 

New York Garden City x = * = 4 
Long Beach x 1 
Fire Island x 1 
Huntington x 1 
Northport x ] 
White Plains x x x x + 
Croton x x 2 
Ambrose Lightship— s = re 

New York Harbor 
Total No. of Stations 19 No. of Station-Seasons 46 












TECHNICAL CONSIDERATIONS 






Durham slide shelters were set up at various stations under similar ex- 
posure conditions which approached the standard as closely as possible.’ 
Greased slides, prepared at and distributed from the Allergy Laboratory of 
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The Jewish Hospital of Brooklyn, were exposed in the shelters between 8 ang 
9 a.M. for twenty-four-hour periods and were returned to the laboratory jn 
sealed containers at regular intervals. At the laboratory, these were Stained 
and counted according to the standard technique by trained staff members and 

| technicians. 

Pollen counts were recorded in terms of the number of ragweed pollen 
granules per square centimeter of exposed slide per twenty-four-hour period, 

Multiplying this figure by the standard coefficient 3.6 (or by 1.8 for the slides 
exposed in the old shelter) yielded the approximate pollen content of a eubie 
yard of air for the twenty-four-hour period.? From the daily ragweed counts 
of all stations within the city an average reading for New York City was com. 
puted. Seasonal totals for a station were obtained by adding all of the daily 
pollen counts of the entire ragweed season at that station. This figure, how- 
ever, is inadequate for the clinical appraisal of the community as a pollen 
hazard to the sensitive patient. For this purpose, a pollen index was computed 
for each ragweed season at each station according to Durham’s formula.’ 
This index is obtained by a summation of three factors computed as follows: 
(1) the seasonal total divided by 200; (2) the number of days on which the 
count exceeds 25; and (3) the highest single count of the season divided by 
100. All calculations in this formula are based on counts in terms of the num- 
ber of pollen granules per eubie yard of air. From the indices of the stations 
studied each season, an average pollen index for the entire city was computed 
for each year. 

METEOROLOGIC STUDIES 


Meteorologic data provided by the U.S. weather stations in the vicinity 
of the sites of survey were analyzed and correlated with the pollen data. The 
weather station at the Battery at the lower tip of Manhattan Island was the 
one nearest to the Allergy Laboratory and not only provided invaluable 
meteorologic information but served as a slide exposure station during six rag- 
weed seasons (Table I). The many meteorologie factors which influence pol- 
len counts will be the subjects of other communications. 













WIND AS A FACTOR IN NEW YORK CITY’S RAGWEED PROBLEM 





In previously reported surveys of Fire Island, New York,’ and Sandy 
Hook, New Jersey,® the pronounced influence of western winds on New York 
City’s ragweed pollen index was demonstrated. Although these stations were 
located on sandy beaches, bearitig little or no ragweed and almost completely 
surrounded by the ocean (Fig. 2), they yielded high pollen counts on days 

when brisk westerly winds prevailed. 
Most significant have been the studies made in 1949 and 1950 at Ambrose 
Lightship,? which is anchored well out in the Atlantic Ocean at the entrance 
to New York Harbor. The Lightship is at least nine miles from the nearest 
land and for purposes of comparison might be considered the center of an 
imaginary ragweed-free region immediately adjacent to New York City and 
corresponding in area and outline to the city (Fig. 2). The high pollen peak 
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Fig. 2.—The heavily lined pentagon roughly represents the area covered by New York 
City. Adjacent to it, and on the ocean, a similar figure is drawn in broken outline to rep- 
resent an imaginary “ragweed-free New York City.” Ambrose Lightship (Station A) would 
be close to the center of this imaginary “city.” Other stations on this map include (B) The Jew- 
ish Hospital of Brooklyn; (C) Central Park, Manhattan; (D) Flushing, Queens; (F') Staten 
Island; (@) New Brunswick, New Jersey; (H) Marlboro, New Jersey; (J) Sandy Hook, 
New Jersey; and (K) Fire Island, New York. (Scale is in miles.) 
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Fig. 3.—Daily pollen counts at New York City and Ambrose Lightship and their relationship 
to wind directicn and velocity during the ragweed season of 1949. 
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days on the Lightship almost regularly coincided with those of the city ang 
in some instances the counts on the ocean exceeded those of the city (Fig, 3). 
On these peak days, the wind almost always proved to be westerly and brisk. 

On the basis of these Lightship studies, it was conservatively estimated 
that at least one-half of New York’s ragweed pollen originated outside the 
borders of the city, particularly in areas to the west and southwest, and, to 4 
minor degree, in districts to the northwest and north. Thus, theoretically at 
least, a perfect intramural ragweed elimination campaign could not be ex. 
pected to reduce New York’s pollen by more than half. The pollen surveys 
made during the course of the campaigns have supported this hypothesis, 


‘“OPERATION RAGWEED’’ 





From time to time, the Health Department of New York City has issued 
reports, the most recent one in January, 1955,* on the progress of this project. 
The cooperation of other city departments has been enlisted in this undertak. 
ing, the annual cost of which is estimated at $85,000. The main feature of the 





TABLE IIT. New York City RAGWEED ELIMINATION CAMPAIGNS 1946-1954 









































ESTIMATED ACREAGE OF 
RAGWEED* | 
PRECEDING ELIMINATED IN | MAN DAYS OF UNUSED ACREAGE 
YEAR CAMPAIGN CAMPAIGN LABOR NEW YORK CITY | BROOKLYN 
1946 10,000 3,149 
1947 8,000 4,795 3,814 
1948 6,000 3,944 2,904 (Nov.) 48,300 5,900 
1949 4,000 3,297 2,953 
1950 5,000 3,157 2'841 
1951 5,900 3,680 Shek 
1952 5,000 3,197 2,853 
1953 5,000 2,350 2,874 (June) 30,800 3,300 
(-36%) (-44%) 
1954 4,500 3,004 2,915 





















*Report of City Health Department. . 
*Report of City Planning Commission, November, 1948 to June, 1953. 








campaign has been the spraying of ragweed with 2-4D in advance of each pol- 
linating season. Because heavy street-flushing trucks are employed for this 
purpose, the weed growths which can be reached by these vehicles which tra- 
verse the city’s roads have received the most intensive spraying. 

In its reports, the Health Department has provided estimates on the extent 
of the ragweed infestation which preceded each campaign, on the acreage that 
| was ‘‘eliminated’’ (sprayed) aunually, and on other details of the operation 
(Table IIT). According to surveys made by the Police Department in 1946 

and 1947, there were approximately 10,000 acres of ragweed in the city before 
‘“Operation Ragweed”’ was started.* All subsequent estimates were provided 
by the Health Department which has, for the most part, relied on the reports of 
the spraying teams for its information. According to these reports, the rag- 
weed acreage has been reduced by not more than half during the nine years 
of campaigns. Most of this improvement was achieved during the first four 
years, and there has been no radical change in ragweed acreage since then. 
Although approximately 3,000 acres have been ‘‘eliminated’’ during each cam- 
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paign since 1950, the city total at the start of the subsequent campaign has 
remained more or less the same at approximately 5,000 acres. On the basis of 
these estimates of approximately a 50 per cent reduction in intramural rag- 
weed acreage during this nine-year period, it is theoretically impossible for 
“Operation Ragweed’’ to achieve more than a 25 per cent reduction in the of- 
fending pollen, since approximately half of New York’s airborne pollen is of 
extramural origin and is therefore not influenced by the city’s campaigns. 


POLLEN INDICES— NEW YORK CITY 
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Fig. 4. 


THE RESULTS OF THE POLLEN SURVEYS 


A. Effect of ‘Operation Ragweed”’ on the Pollen Indices of New York City.— 
The ragweed pollen indices for New York City as a whole and for the stations 
at Brooklyn, Flushing, and Rockaway (Fig. 2) during the nine years of ‘‘Op- 
eration Ragweed’’ are graphically presented in Fig. 4. The index for the 
entire city has varied from 27 to 38 and has shown no consistent tendency to 
decline. The indices at Flushing in the Borough of Queens run close to those 
of the city. At Rockaway in Queens and at Brooklyn, the indices run, respee- 
tively, above and below those of the city. At none of these stations was there 
any indication that the indices were declining or deviating materially from 
the city indices or from each other. The major fluctuations shown in the 
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graphs may all be satisfactorily accounted for on the basis of the meteorologie 
conditions which prevailed during the ragweed pollinating seasons or during {ro 
the months preceding them. The findings at the other city stations which Were ct 
studied less extensively were in complete accord with the results obtained jn ma 
the more complete surveys. 

| A comparison of New York City’s pollen index with those of neighboring Th 

e,e e ‘8 . is) 
cities, where no organized efforts at ragweed elimination were made, likewise as 
fails to provide any evidence that ‘‘Operation Ragweed’’ has a pronounced ev 
La 
POLLEN § INDICES— wh 
AT STATIONS OUTSIDE ERADICATION AREA ni¢ 
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Fig. ‘ 
m 
effect on the pollen index of New York (Fig. 5). At New Brunswick, New B 

Jersey (Fig. 2), which lies about 30 miles southwest of New York in the vicin- 
ity of heavy ragweed growth, the pollen indices since 1947 have consistently ' 
been higher than those of New York. With the exception of the 1948 readings, ' 

the graphs of the two cities have run almost parallel. Sinee New Brunswick 
lies in the direction from which New York receives so much of its pollen, such 
° a ° i 
a pronounced correlation of the two graphs is not remarkable. On the other : 
hand, Bridgeport, Connecticut, which lies about 50 miles northeast of New 


York (Fig. 1), has a consistently lower pollen index than New York City, since 
it lacks dense ragweed growth of its own and receives relatively little pollen 
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from surrounding areas. Here again a comparison of the indices of the two 
ities fails to provide any indication that New York’s readings have been 
materially reduced or noticeably affected by the eradication program. 


B. The Effect of ‘‘Operation Ragweed’’ on Brooklyn’s Pollen Index.— 
There are no available statistics by which the pollen indices of New York City 
as a whole, before and after 1946, can be compared. There are at hand, how- 
ever, the pollen counts for Brooklyn made annually, since 1936, at the Allergy 
Laboratory of The Jewish Hospital of Brooklyn. Although these data rep- 
resent readings at only one station and were obtained with the ‘‘old’’ tech- 
nique of slide exposure and counting (using the 1.8 factor), they nevertheless 


POLLEN INDICES—1937-1954 
BROOKLYN — OLD SHELTER 


i 
































































































































1937 '38 '39 ‘40 ‘41 ‘42 ‘43 ‘44 ‘45 1946 ‘47 ‘48 ‘49 ‘SO ‘SI ‘52 ‘53 '54 
Fig. 6.—Blocks represent annual pollen indices at The Jewish Hospital of Brooklyn Station 
from 1937 to 1954, inclusive, based on counts made with the old technique. Heavy vertical line 


marks start of “Operation Ragweed.” Light horizontal line represents average pollen index for 
Brooklyn over the eighteen-year period. 


comprise the only series of uninterrupted pollen surveys which were made 
within New York City throughout the entire period under consideration. For 
this reason these data have proved to be of considerable value. 

From these data, it appears that the average pollen index for this Brook- 
lyn station, during an eighteen-year period running from 1937 to 1954, inelu- 
sive, Was approximately 40 (Fig. 6). For the nine-year period preceding 1946, 
the average pollen index was 46.8. For the subsequent nine-year period, it 
was 32.5. Hence, there appeared to be a decline of 30.6 per cent in the average 
pollen index of this station while ‘‘Operation Ragweed’’ was in progress. 
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However, this figure needs careful interpretation since there are factors othe 
than the eradication program which have affected the pollen index of this 
Brooklyn station during this period. Of these, only the two most important 
will be discussed at this time. 


1. The decline in vacant land: Among the local factors affecting the pol- 
len index of this Brooklyn station were changes in the neighborhood where 
the slides were exposed. Most important among these was the erection of 
many new buildings on what was formerly vacant weed-infected land. The 
building boom which affected the entire city was particularly active in the 
Borough of Brooklyn. In New York City, according to the report of the City 
Planning Commission,'® vacant land diminished from 48,300 acres in Novem. 
ber, 1948, to 30,800 acres in June, 1953, a decline of 36 per cent in a four and 
one-half year period (Table III). For the Borough of Brooklyn the decline 
in vacant land during the same interval was 44 per cent. Since ‘‘Operation 
Ragweed’’ involves a nine-year period which includes and doubles that cov. 
ered by the City Planning Commission survey, it is reasonable to assume that 
the decline in Brooklyn’s vacant land acreage from 1946 to 1954, inclusive, 
was in excess of 60 per cent. The effects of such a change upon the ragweed 
acreage and pollen indices of the Borough were undoubtedly great. 


2. Wind factors: A meteorologie factor has also contributed decisively to 
a reduction in Brooklyn’s pollen index during the last nine years. During this 
period, there has been an inexplicable decline in the average number of days 


during the ragweed pollinating season, on which the prevailing winds blew 
from the west or southwest at an average velocity of at least 12 miles per hour, 
The pronounced influence of these particular winds on New York’s pollen in- 
dex has been stressed.® 1 


For this special study the wind and pollen data for each of the 18 sea- 
sons under consideration were reviewed, the analysis being limited to the in- 
terval between August 15 and September 22. This is the period of active rag. 
weed pollination in this area when winds may decisively influence the pollen 
eounts. The pollen indices for the Brooklyn station were modified in this 
special study to cover only the shortened period under consideration. 

For the entire eighteen-year period under analysis, there was an average 
incidence of 4.8 days per season when the prevailing winds blew from the 
west or southwest at an average velocity of 12 or more miles per hour (Fig. 
7). For the nine-year period preceding ‘‘Operation Ragweed,’’ this average 
was 5.7 days per season. For*the following nine years, this average fell to 4 
days per season, a decline of 30 per cent. An adequate explanation for this 
change is lacking, but there can be no question as to its significance in affect- 
ing the city’s pollen index in recent years. 

It is impossible to evaluate in percentages the degree to which these de- 
elines in vacant land and in seasonal brisk western winds have affected Brook- 
lyn’s pollen index during the last nine years. That they have contributed ma- 
terially to the 30.6 per cent reduction in this Borough’s index during this pe- 
riod is certain. They may possibly account for as much as from one- to two- 
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thirds of this decline. This would leave a diminution of from 10 to 20 per cent 
in Brooklyn’s pollen index which could be attributed to ‘‘Operation Rag- 
weed.’ It is reasonable to assume that these estimates for Brooklyn are fairly 
representative of the effects of ‘‘Operation Ragweed’’ as they apply to the 


city as & whole. 


DAYS PER SEASON OF PREVAILING WEST OR SOUTHWEST WINDS 
EXCEEDING 12 MILES PER HOUR 
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Fig. 7.—Blocks represent number of days each season when predominating winds blew 
from the west or southwest at velocities of 12 or more miles per hour. Light horizontal line 
represents the average for the eighteen-year period. Heavy vertical line marks start of 
“Operation Ragweed.” Wind data are based on readings by the United States Weather Bureau 
at the Battery, at the lower end of Manhattan. 


GEOGRAPHIC FACTORS INFLUENCING NEW YORK’S ELIMINATION CAMPAIGN 


By all criteria, the effects of ‘‘Operation Ragweed’’ on the city’s pollen 
index are not striking. Yet, limited as they are, they might have been even 
less apparent had there not been important geographic and meteorologie con- 
siderations which were advantageous to the campaigns. 

On most sides, New York City is surrounded by large bodies of water 
(Fig, 2). The Atlantic Ocean and Long Island Sound form its southern and 
eastern boundaries except where they are interrupted by contact with Long 
Island. The broad Hudson River and New York Bay make up most of its 
western border. There are no extensive heavy ragweed concentrations to the 
east in neighboring Connecticut or Long Island so that eastern winds generally 
represent no serious problem to ragweed sufferers in New York City. Winds 
from the south and southeast are sea breezes and are generally free of pollen. 
Hence, winds blowing into the city on at least one-third of its cireumference 
do not materially increase New York’s pollen index. During the last fourteen 
years, these south, southeast, east, and northeast winds averaging more than 
12 miles per hour in velocity constituted about 25 per cent of the brisk winds 
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charted in New York City during the height of the ragweed seasons, Con. 
munities which are well inland may not derive the benefit of such geographic 
and meteorologice advantages in their elimination campaigns. 


THE OUTLOOK FOR RAGWEED ELIMINATION CAMPAIGNS 


On the basis of past experience, it seems unlikely that New York City ean 
be rendered completely free of ragweed with the present methods of eradica. 
tion and by community campaigns. Moreover, it is not to be expected that the 
problem will be solved by legislation, no matter how authoritative. It has 
been pointed out repeatedly that ragweed may be totally and permanently 
eliminated only in those areas where, because of climatic or soil conditions, the 
weed is not a natural inhabitant and where contamination by wind-borne pol- 
len is prevented by natural barriers such as broad mountain ranges, deserts, 
forests, or oceans. 

In New York City and in most of the nonmountainous parts of New Jersey, 
Pennsylvania, and New York State, natural conditions favor profuse ragweed 
growth. The soil in these areas is contaminated with ragweed seeds which 
may remain viable for as long as thirty or forty years. For many years fresh 
breaks in the soil surface either for purposes of planting or construction will 
start new growths of ragweed and reinvasions of the cleaned areas. 

The fact that the heavy ragweed concentrations in these states are both 
rural and urban renders total eradication less attainable, since it is even more 
difficult to wage effective campaigns in rural and partially developed areas 
than in cities and towns. 

In the past it has been repeatedly demonstrated that anything less than 
complete success in the battle against ragweed is a doubtful gain. This has 
again been shown during the last five years of ‘‘Operation Ragweed”’ in New 
York City where, in incompletely cleared areas, the weeds have returned al- 
most as rapidly as they were ‘‘eliminated.’’ 

To date, the results of local eradication campaigns in large cities, such as 
Chicago and New York, have not been encouraging. Whether it is feasible or 
even possible to solve the ragweed problem on a national or continental seale 
is a moot question. Without the participation of Canada and Mexico in such 
an enterprise, the prospect for ultimate success would be dim. The task would 
be Herculean. The cost would be staggering. The entire problem of ragweed 
elimination is obviously a formidable one which is not to be solved by a easual 
approach on a community level. 


“ SUMMARY 


1. Approximately half of New York City’s ragweed pollen is generated 
intramurally. The remainder is brought in by brisk western winds from New 
Jersey, Pennsylvania, and to a lesser degree from upper New York State. Henee, 
the total eradication of the ragweed within the city can at best reduce its 
atmospheric contamination with ragweed pollen by one-half. 

2. On the basis of the reports of New York City’s Health Department, in- 
dicating approximately a 50 per cent reduction in the city’s ragweed acreage 
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after nine years of ‘‘Operation Ragweed,” it may be estimated that the city’s 
ragweed pollen production may have been eut by one-half, thus reducing the 
pollen contaminating the air of the city by one-fourth. 

3. During the nine years of ‘‘Operation Ragweed,’’ pollen surveys were 
made under standard conditions at 30 stations in and around New York City, 
covering a total of 98 station-seasons. The results of these surveys revealed 
no definite tendency for the pollen index of New York City as a whole, or of 
any city station, to decline during this period. 

4, Comparisons of New York’s pollen indices during this period with 
those of nearby New Brunswick, New Jersey, and Bridgeport, Connecticut, 
where there have been no elimination campaigns, afford no indication that the 
course of New York’s index in recent years is deviating from that of its 
neighbors. 

5. Pollen counts at the Brooklyn station made with the old counting tech- 
nique over a period of eighteen years (1937-1954) reveal a 30.6 per cent decline 
in the average pollen index at this station during the nine-year period (1946- 
1954) while ‘‘Operation Ragweed”’ was in progress. During this same inter- 
val, however, there was also a pronouneed decline in Brooklyn’s vacant land, 
probably in excess of 60 per cent. Coincidently, there was, in addition, an in- 
explicable decrease of 30 per cent in the average incidence of stiff western 
winds during the active pollinating seasons when such winds contribute heav- 
ily to New York’s ragweed counts. In the light of these important considera- 
tions, it may be estimated that only from one- to two-thirds, or from 10 to 20 
per cent, of the 30.6 per cent decline in Brooklyn’s index may be attributed to 
the effects of ‘‘Operation Ragweed.’’ 

6. The results obtained in Brooklyn are probably representative of those 
achived for the city as a whole. 

7. New York is a coastal city and easterly and southerly winds blowing 
into the city on approximately one-third of its circumference are comparatively 
pollen-free. Inland communities would not benefit in this manner. 

8. Since ragweed grows naturally and profusely in the New York Metro- 
politan Area, there is little likelihood that eradication campaigns, carried out 
along the lines of those employed at the present time, will succeed either in elimi- 
nating the weed completely and permanently from the city or in decisively re- 
ducing its pollen index. 
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STUDIES ON THE NATURE OF ALLERGENIC MATERIAL IN 
ANIMAL DANDERS AND POLLENS 


A PRELIMINARY REPORT 
D. Z. SiLvER, Pu.D., AND RALPH BookMan, M.D., Beverty Hibs, Cauir, 


NE of the greatest obstacles to progress in allergy is our limited under- 
O standing of the nature of antigens. Inherent in this problem is the 
inadequate measure of composition and uniformity. Recent developments in 
physicochemical techniques now permit a more reliable assessment of these 
questions. It has been our purpose, by utilizing such methods as the ultra- 
centrifuge and electrophoresis on filter paper, to pursue this type of investi- 
gation and to submit this preliminary report. We have fractionated four 
selected antigens and have attempted to relate these fractions to clinical sensi- 
tivity in an effort to accomplish further resolution of basic questions. 

The recent literature reflects the trend toward employment of new tech- 
niques of analysis. Abramson and his co-workers’ * established the place of 
electrophoretic and centrifugal techniques in the field of allergy. The studies 
of Spies and those of Coulson* *° on the chemical nature of cottonseed and 
castor bean pointed to the necessity of continued chemical studies of antigens. 
Friedmann‘ amplified this subject and stressed the relationship to standard- 
ization. Loveless’ made significant contributions to the understanding of 
antigen fractionation using the Nielson-Kirkwood electrophoresis-convection 
apparatus. Dankner and his associatess and Perlman,® working separately, 
evolved paper chromatographic techniques for fractionation into more basic 
units of pollen antigens. Bookman and Wax’? utilized ion exehange resin 
to fractionate ragweed. Squire’! investigated the relationships between. horse 
dander and horse serum by free boundary electrophoresis. Becker'® 1° showed 
the presence of at least five antigens in ragweed pollen extracts, using agar 
diffusion technique. Stull and his co-workers™ were able to fractionate ragweed 
pollen on the basis of differing water solubility constants. Scherago, Berkowitz, 
and Reitman” studied molecular size of antigens and were unable to relate 
this to clinical activity. Rimington and Maunsel'® found evidence for the 
polypeptide-carbohydrate nature of house dust antigen in their basic chemical 
studies, while Campbell, Silver, and Vannier' utilized paper electrophoresis 
and chromatography in their studies with dust extracts. Stevens and his 
associates!® fractionated ragweed, utilizing the free boundary electrophoresis 
apparatus. These investigations serve to point out the recent emphasis upon 
a more fundamental approach to the study of allergenic substances, using newer 
physicochemical methods. Each represents a step forward in our compre- 
hension of the nature of the materials used in clinical allergy. 
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MATERIALS 


Four antigens were used in the experiments to be described. Two of 
these antigens, horse dander and cattle dander, are environmental types and 
two, Cynodon dactylon (Bermuda grass) and Ambrosia psilostachya (Western 
ragweed), represent important pollens in the Southern California area. The 
environmental material was procured by vacuuming groups of animals, using a 
clean, new bag for each species. The powdery epidermal material obtained was 
mixed in Coca’s solution'’® and frozen and thawed several times to fragment 
any intact cellular substance. The solution obtained after simple filtration 
was precipitated in the cold in 70 per cent acetone according to known tech- 
niques.*° The resulting precipitate was dried in vacuo, used in these experi- 
ments on a weight by volume basis, and referred to as pure extract. The un- 
precipitated but clarified extracts served as controls and were referred to 
as raw dander. The pollen was collected, cleaned by fine-sereen sifting, and 
extracted by grinding 2 grams in 25 ml. of saline in a glass homogenizer. The 
final extract, after clarification by centrifugation and filtration, was used as 
concentrated pollen antigen. 


METHODS 


Nitrogen.—Nitrogen determinations were performed by direct nessleri- 
zation on each solution and on each fraction obtained. No attempt was made 
to differentiate protein nitrogen from nonprotein nitrogen in this study, since 
it was felt that this would contribute no additional information as to the degree 
of antigenicity of each fraction.® 1° 


Sedimentation All sedimentation data were obtained through the use of 
a Spinco Model L analytical ultracentrifuge. The antigens under observation 
were suspended in a 0.2 molar solution of sodium chloride, which was found 
to give optimal results. Under the conditions of these experiments, it was 
not possible to obtain a Schlieren pattern of the pollen suspensions because 
of their low molecular weight. This is in accord with previous investi- 
gations.** *1 As a result, no sedimentation data are reported for these. 


Electrophoretic Fractionation—Our apparatus was essentially that de- 
scribed by Kunkel®? for filter paper work, with minor modifications dictated 
by experience. A Spinco-Durrum unit?* was also used on several occasions, 
but none of the patterns derived are used in this report. After a run, the 
paper strips were stained and read -in a continuous scanning device developed 
in this laboratory, the details of which will be reported elsewhere.2* Essentially, 
this consisted of a Beckman Model B spectrophotometer, in which a specially 
designed unit continuously scanned a series of paper strips and inscribed the 
changing optical density on an Esterline-Angus strip chart recorder. In a 
typical experiment, Whatman #3MM paper was used. After the paper had 
been allowed to equilibrate with the buffer solution, 50 Lambda of allergen, 
representing 0.5 mg. of nitrogen, was placed at the starting point of each 
of two strips, which were then superimposed. The buffer solution was Veronal 
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at pH 8.6, 0.1 ionic strength. It was found, after repeated attempts, that a 
run of six hours at 200 volts and 12 milliamperes produced satisfactory sepa- 
ration. All runs were made using the double thickness of paper described. 
One layer was saved for clinical trial, while the other was dried and stained 
for reading. The two epidermal materials were stained with Brom-Phenol-Blue 
as described by Block, Durrum, and Zweig.2* The pollen strips were dried 
and sprayed with 1 per cent ninhydrin in water-saturated butanol to which 
pyridine was added to 5 per cent of the final volume. This method was used 
since it was not possible to prevent spontaneous elution of the pollen material 
from the paper, despite attempts to fix the antigen by various means. The 
treated pollen strips were dried in an oven at 100° C. for ten minutes to 
develop color. It was found that the color was further intensified and stabilized 
after remaining in total darkness for twenty-four hours. The strips to be 
used for skin testing were dried and cut into half-inch (12.7 mm.) segments. 
Drying did not affect results, yet simplified manipulation. Each segment was 
eluted overnight in the cold in 2 ml. of saline solution. A positive control for 
each antigen, consisting of routine test material, was eluted from filter paper 
but not otherwise treated. All eluates were placed in capped vials under 
sterile conditions and intradermal testing was performed on _skin-sensitive 
persons. All samples were checked for sterility by bacteriologie culture in 
peptone broth prior to testing. The test samples were coded so as not to 
prejudice the results. The skin reactions were graded from 0 to a maximum of 
4, which represented a wheal at least 1 em. in diameter. Only Grade 3 and 
4 reactions were accepted as valid, since the electrolyte buffer could con- 
ceivably induce small wheals as the result of nonspecific irritation. 


RESULTS 

Epidermal Antigens.—Both the cow and horse dander antigens, raw or 
acetone-precipitated, yielded an intensely colored dark brown solution when 
dissolved in saline. This color could not be removed by dialysis against saline 
for forty-eight hours. The color seemed to be related to protein components 
in that, after precipitation, the supernate became clear. Unfortunately, this 
color interfered with the transmission of light through the optical system of 
the analytical ultracentrifuge unless the sample was greatly diluted. As a 
result, it is possible that some components were present in concentrations too 
small to be resolved as peaks in the Schlieren patterns. Contrariwise, this 
same color intensity enabled us to follow the progress of migration on the filter 
paper strips in electrophoretic studies for the greater part of the run. At the 
end of the run, the color would become diffused due to binding, ete. This 
colored component, however. did not necessarily correspond to the area of the 
paper electrophoretic strips which would take up the Brom-Phenol-Blue stain, 
nor did it correspond to areas which gave the greatest skin test activity. 
Actually, our observations tended to associate those components in the strip im- 
mediately preceding the naturally colored areas with maximum response in 
skin test trials. 








130 THE JOURNAL OF ALLERGY 





Another interesting general observation noted in the results of nitrogen 
analysis was that the nitrogen content of the precipitated epidermal antigens 
was always about three times that of the raw, unprecipitated material when 
compared on a basis of original weight (Table I). The significance of this 
will be discussed later. 


TABLE I 








NUMBER OF COMPONENTS 











ANALYTICAL PAPER SKIN ESTIMATED 

TOTAL ULTRA- ELECTRO- TEST MOLECULAR 

ANTIGEN PREPARATION NITROGEN | CENTRIFUGE | PHORESIS ACTIVITY WEIGHT 
Acetone-precipitated 1.5 mg./ml. 1 2 major 1 active 40,000 


horse dander 





Raw extract of 0.59 mg./ml. 2 plus Multiple dif- 
horse dander fuse 












Acetone-precipitated 2.3 mg./ml. al 2 major 1 active $2,000 
cattle dander 


Raw extract of 0.83 mg./ml. 2 plus Multiple dif- 
cattle dander fuse 










Cynodon dactylon 0.24 mg./ml. Diffuse 6 with nin- At least 3 Less than 
extract hydrin active 10,000 
stain 














Ambrosia psilostachya 
extract 





0.33 mg./ml. Diffuse 7 with nin- At least 3 Less than 
hydrin active 10,000 
stain 








In the analytical ultracentrifuge studies, the raw cow dander gave evi- 
dence of at least two major peaks only one of which could be demonstrated 
in the precipitated cow dander solution. The color density previously referred 
to can be seen sedimenting with the major component (Fig. 1) as a dark area 
occupying the right side and greater portion of the photographic film. The 
less intensely colored horse dander antigen shows only one clearly defined 
peak in both the raw and precipitated states (Fig. 1). 

Through ealeulation of the sedimentation constants for the precipitated 
epidermal antigens, the average molecular weight was approximately 32,000 
for cattle dander and 40,000 for horse dander. This cannot be regarded as 
much more than theoretical inasmuch as the caleulations make assumptions 
as to molecular size, density, and a spherical shape which is rather unlikely 
in the ease of large molecular weight proteins. Due to lack of a separatory 
eell, we were not able to obtain, the individual components for skin test 
correlation studies. 

A series of experiments were carried out using paper electrophoretic 
techniques. The results contained in this article cannot reflect the time and 
trials required before it was possible to obtain controlled behavior of the 
materials under study. The number of variables is considerable; these range 
from the type of apparatus itself to variations in current, buffer, time, ete. 
Various dyes were tried in order to obtain the most clear-cut definition. Even 
fluorescence was attempted, with interesting but not constant results. The 
automatie scanning device previously mentioned converted the stained strips 
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into curves of intensity against distance with more rapid interpretation of 
results. Under the conditions used, at least three major peaks were obtained 
with the precipitated cattle dander, while the precipitated horse dander showed 
two major components. Eluates of one-half inch segments of the strips were 
tested for skin reactivity in sensitive patients. It was found that positive 
skin test activity could be correlated with the eluates corresponding with the 
slowest moving major fraction (Figs. 2 and 3). No electrophoretic data are 
presented for the raw epidermal material, since patterns obtained with these 
were diffuse and undifferentiated. 


SEDIMENTATION BOUNDARIES 
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Fig. 1. 


During the course of this study, the question of a possible correlation 
between the precipitated epidermal antigens and the whole serum of both 
cattle and horse concurrently arose (Figs. 2 and 3). It can be seen that the 
precipitated antigens tend to follow the migration rate of albumin components 
of the respective sera. 

Pollen Antigens.—Our results indicate that pollen antigens are quite 
different from the epidermal type. The protein nitrogen content of the pollen 
extracts was found to be much lower than the nitrogen content in an equal 
weight of epidermal antigen. Thus, the extract of Ambrosia psilostachya con- 
tained 0.33 mg. nitrogen per milliliter and Cynodon dactylon 0.24 mg. nitrogen 
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per milliliter of solution as compared with 1.5 to 2 mg. nitrogen per milliliter 
in the epidermal antigen extracts. These and subsequent studies were carried 
out on undialyzed material, since we were interested in the whole substance 
and its behavior upon paper electrophoresis. 

Using paper electrophoretic techniques, we obtained six components with 
extracts of Ambrosia psilostachya and seven components with extracts of 
Cynodon dactylon. Several of the more slowly migrating components which 
remained near the original point of application showed similar rates of mi- 
gration in the case of both pollens. This similarity was not refleeted in anti- 
genicity of the eluted fractions. On skin testing of the fractions, however, 
it was found that no single electrophoretic component was clearly implicated 
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Fig. 4. 


as a location of major antigenicity. Usually, two or more strip segments 
showed skin test activity (Fig. 4). Sinee considerable attention has been 
focused upon the existence of polysaccharide complexes in these materials, we 
routinely performed a Molisch test on all eluates. Generally, strongly positive 
Moliseh reactions occurred in material which showed skin test activity or 
which showed as stained components on the paper strip. Significant reactions 
did not occur in either antigenically inactive or unstained areas of the strips. 
It should be noted that such tests were similarly positive when applied to the 
active areas of epidermal antigen paper strips. 
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DISCUSSION 


The experimental procedures and the results we have described permit 
us to form some definite, although limited, opinions regarding the character 
of the several antigens which were studied. In the case of the epidermal 
antigens, the purification by precipitation resulted in more homogeneous mate- 
rial. These purified substances appear to be protein in nature with a molecular 
weight and an electrophoretic migration suggesting that they resemble serum 
albumin. Comparisons of the electrophoretic fractions with skin tests show 
that activity resides primarily in one component. However, presence of other 
major but relatively inactive components in the purified extracts points out 
the failure of complete isolation of a specific skin-reactive fraction. As noted 
in our results using the ultracentrifuge, it was necessary to dilute the material 
in solution in order to reduce the optical density. This procedure may have 
diluted certain components beyond the resolving power of the Schlieren opties. 
While we do not believe that this has resulted in the loss of significant fractions 
of the antigen, the possibility does exist. The threefold increase in nitrogen 
concentration in the purified epidermal extracts is more apparent than real, 
since the raw material contained much insoluble matter, such as hair, dirt, ete., 
which probably contained relatively little nitrogen. The main skin-reactive 
fractions in the purified epidermal extracts represent only a portion of the 
total nitrogen content, as can be deduced from examination of the electro- 
phoretie curves, since other main nitrogenous components were not skin reac- 
tive. This raises the question of the value of nitrogen as a standard of potency 
without specific reference to procedures and interpretation. 


We are satisfied that filter paper electrophoresis is a valuable tool in this 
type of study. However, certain features of the final patterns require explana- 
tion. It should be noted that all the curves presented are not a truly linear 
representation of the stained strips. This is due to the mechanical nature of 
the recorder in which the pen writer describes an are instead of a straight line. 
Thus, there is a displacement of the upper portions of the curves to the left. 
The initial peak at the point of application represents pigmented, insoluble 
material which was clinically inactive in all instances. This fraction, therefore, 
may be regarded as an artifact. Also, it is necessary to realize that the patterns 
we have obtained were produced under highly specific circumstances which 
gave most clear-cut results in our hands. The electrophoretic patterns of all 
antigens studied could be reproduced quite consistently. In view of the rela- 
tively simple procedure involved, it*suggests a better approach to standardiza- 
tion. The same material should yield the same pattern under standardized 
conditions in the hands of different workers. 


Our studies with pollen antigens were limited to filter paper electrophoresis 
primarily. The value of the ultracentrifuge in this instance was unfortunately 
limited to more easily resolved substances which have molecular weights of 
the order of 10,000 or more. On electrophoretic separation, the pollens char- 
acteristically possessed more fractions than the epidermal antigens. This is a 
quite logical result of the use of crude pollen extracts, whereas the epidermal 
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antigens were subjected to purification procedures. There appeared to be no 
component specificity in that positive skin tests could be elicited with several 
fractions. This would support the validity of using crude pollen extracts 
clinically with our present limited knowledge of their composition. These 
observations suggest that there are inherent pitfalls in applying purification 
procedures to pollen extracts. Alteration or loss of the multiplicity of active 
components can occur; yet this loss may conceivably be masked by the remain- 
ing active fractions. 

As a supplement to these observations, we have begun an investigation 
of the role of polysaccharides as factors in antigenicity. The stimulus for 
these supplementary studies is derived from the observation that skin test 
activity was as intimately related to carbohydrate content of electrophoretic 
fractions as it was to protein. 


SUMMARY AND CONCLUSIONS 


1. Two epidermal antigens and two pollen antigens in common clinical 
use were studied with particular emphasis upon ultracentrifuge and filter paper 
electrophoresis. 

2. Fractionation of the epidermal antigens was achieved by ultracentrifuge, 
but the low molecular weight of the pollen antigen did not permit fractiona- 
tion by this method. The molecular weight of horse dander antigen was 
estimated to be approximately 40,000 and that of cattle dander antigen 32,000. 
Molecular weights for the pollen antigens were found to be less than 10,000. 

3. Electrophoretic separation was accomplished with all four antigens, the 
epidermal type showing fewer components than the pollen type. In relating 
skin sensitivity to electrophoretic components, activity appeared to be con- 
centrated in a rather narrow area in the epidermal antigens, whereas the 
activity of the pollen antigens was more widely distributed. 


4. The significance of these findings is discussed. 
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SOME OBSERVATIONS ON THE PREVENTION OF BRONCHIAL 
REACTIONS TO AEROSOLS OF SPECIFIC ANTIGENS BY PRE- 
TREATMENT WITH AEROSOLS OF ANTIHISTAMINE 
AND SYMPATHOMIMETIC DRUGS 


OscaR SWINEFORD, JR., M.D., V. AtwELu Mottey, B.S.,* AND 
LouIsE N. Tunu, B.A., CHARLOTTESVILLE, VA. 


RELIMINARY studies! showed that aerosols of Pyribenzamine and Isuprel 
P could prevent or ameliorate specific reactions to aerosols of haptens. 
Herxheimer? studied the role of aerosols of several drugs in the amelioration 
of specific reactions to antigen aerosols. He used statistical alterations in the 
‘‘nreconvulsion time’’ as a measure of protection. 

This is a report of the effects of aerosols of several arbitrarily selected 
antihistamine and sympathomimetie drugs, alone and in combinations, on 
bronehial reactions to aerosols of specifie antigens. 

The methods used here have been described in detail elsewhere.’ Briefly, 
guinea pigs were sensitized, actively or passively, to the specific antigens. 
They were exposed first to aerosols of the various drugs, then promptly to 
aerosols of the specific antigens. After the effects of the drugs had worn off, 
a day or two later, the animals were re-exposed to the specific aerosol. They 
were considered to be protected by the drug aerosol when they did not react 
to the postdrug antigen aerosol, but did react to the antigen later. Reactions 
were considered to be ameliorated when the response to the postdrug antigen 
aerosol was unequivocally slower in onset and weaker than the later reactions. 

The effects of the following drugs were studied: Pyribenzamine, Chlor- 
Trimeton, Phenergan, Benadryl, Ambodryl, epinephrine, ephedrine, Neo- 
Synephrine, Isuprel, Tyzine, Chlor-Trimeton plus Isuprel, Pyribenzamine plus 
Neo-Synephrine, Phenergan plus ephedrine, Pontocaine and cocaine. 

Guinea pigs were sensitized actively or passively to rabbit serum, acacia, 
egg white, or type VI or type VIII pneumococeal polysaccharides, at random. 
Since the type of sensitization and of specific antigen or hapten did not seem 
to influence the results, they will receive little emphasis. Passively sensitized 
pigs were usually challenged the day after sensitization. They remain sensi- 
tive to aerosols for one week or longer if not desensitized specifically. 

Other details of the experiments are described later. 
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Aerosols of individual drugs were studied first. 

Table I summarizes the attempts to protect 146 guinea pigs with aerosols 
of the five sympathomimetics and the five antihistamines listed previously. 
Sixty of the animals were sensitized actively, the rest passively. 


TABLE I. RSEULTS OF PROTECTION EXPERIMENTS WITH AEROSOLS OF SEVERAL DRUGS 





——_—_—___. 
ee 














NO. OF DRUG AEROSOL 
GUINEA |CONCENTRATION | | DURATION RESULT* 2 
PIGS (PER CENT) (MINUTES ) PROTECTED | DIMINISHED | NO EFFECT 
Sympathomimetics 
ISUPREL 
12 0.5 15 6 5 
2 0.25 30 0 0 2 
NEO-SYNEPHRINE 
8 1.0 20 5 0 3 
10 0.5 15-20 1 1 8 
EPINEPHRINE 
14 0.5 15 £ 1 9 
EPHEDRINE 
6 3.0 15-20 0 0 6 
19 0.5 15-20 1 0 18 
TYZINE 
6 0.2 20 0 0 6 
2 0.1 20 0 0 2 
Antihistamines 
PYRIBENZAMINE : 
16 2.0 15-20 a 2 13 
CHLOR-TRIMETON 
13 2. 15-20 + 2 7 
4 1.0 30 0 2 2 
PHENERGAN 
8 2.0 10-15 0 0 8 
3 2.0 30 0 0 3 
3 2.0 5 0 0 3 
BENADRYL 
14 1.0 15-20 0 1 13 
AMBODRYL 
6 0.5 15-20 0 0 6 
146 22 14 110 





*For interpretation of results, see text and footnote to Table IT. 


The experiments in Table I were performed in the same detail as those 
shown in Table II, but for simplicity the table shows only the concentrations 
and durations of the drug aerosols and the results of the postdrug antigen 
aerosol challenges. 

Isuprel was the most effective. Eleven of fourteen animals were pro- 
tected, or the reactions were ameliorated, in agreement with the preliminary 
report. Neo-Synephrine, epinephrine, and Chlor-Trimeton protected or 
ameliorated less than one-half of the animals. Pyribenzamine was effective 
in less than one-fifth of the animals. Pyribenzamine was less effective than 
in the preliminary experiments. 
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Phenergan, Benadryl, Ambodryl, ephedrine, and Tyzine obviously had 
little protecting or ameliorating effect; nor did Pontocaine or cocaine protect 
or ameliorate. These last two were not shown in the table, since they are 
neither antihistamine nor sympathomimetie drugs. 


Aerosols of the drug mixtures were studied next. Table II shows details 
of the sensitizing doses of antiserum, concentrations of the drug mixtures: 
duration of the protecting aerosol exposures, interval between protecting and 
postdrug aerosol challenges, concentration of the challenging antigen used in 
the nebulizer, duration of this antigen aerosol, severity of reactions to that 
first challenge, number of pigs which reacted similarly in each group, interval 
between the first and the second exposures to antigen aerosol (after the drug 
had worn off), duration of the second antigen exposure, severity and number 
of pigs which reacted similarly to this second antigen challenge. Results for 
each drug mixture are summarized in the last column. 

The mixtures were selected arbitrarily as follows (see Table I): Chlor- 
Trimeton and Isuprel were the two, in their respective categories, which pro- 
vided the most protection individually. Pyribenzamine and Neo-Synephrine 
stood next. Phenergan and ephedrine were combined because they seemed 
to promote local desensitization individually (see Discussion). Other combina- 
tions were not studied. 

It is obvious that, under the conditions of these experiments, the Chlor- 
Trimeton-Isuprel mixture was much more effective than the Pyribenzamine- 
Neo-Synephrine combination. It is equally obvious that the Phenergan-ephed- 
rine mixture was grossly ineffectual. This mixture did not promote the 
desensitization which these two drugs seemed to have done individually. 


Controls—Twenty-four animals were used. They were treated like those 
in Table II except that saline aerosol was used instead of a drug. One had 
fatal anaphylactic shock from the initial challenge... Six did not react to either 
challenge. It is assumed that they had not been sensitized. Fourteen of the 
pigs reacted similarly to both antigen challenges, as was to be expected. 

The remaining three animals had strong prompt reactions to the first 
challenge, but recovered. They died in anaphylactic shock after the second 
challenge. These are discussed later. 

Fifty-eight other animals were given sensitizing doses of antiserum, pro- 
tecting doses of drug aerosols, postdrug, and later antigen aerosol challenges. 
They were not included in the tables because they did not react to either chal- 
lenge. It is assumed that they hail not been sensitized. It is possible that the 
postdrug challenge desensitized them to the second antigen challenge. This 
is thought to be unlikely. 


DISCUSSION 


The important results recorded here are the qualitative observations that 
aerosols of several drugs prevented some of the anticipated reactions to anti- 
gen aerosols in the immediate postdrug period. This protection did not last 
until the next day. Aerosols of combinations of Chlor-Trimeton with Isuprel 
and of Pyribenzamine with Neo-Synephrine seemed to prevent reactions to 
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specific antigen aerosols more effectively than either of these drugs alone. 
Phenergan and ephedrine were ineffectual, alone and in combination. No 
effort was made to explain the observed differences between the individual 
drugs or their combinations. 

The results reported here are in keeping with those of Herxheimer,? who 
used a more complicated method to test a similar, but not identical, list of 
drugs. 

The question of amelioration of anticipated reactions to the postdrug anti- 
gen aerosols requires some comment. In these experiments amelioration was 
not considered to have occurred unless the postdrug reaction to an antigen was 
mild and slow in onset, in comparison with a prompt and severe reaction the 
next day. These criteria are more stringent than were those in the prelimi- 
nary report. 

None of the control animals exhibited these strict criteria of amelioration. 
The three controls which reacted strongly and promptly to the postsaline anti- 
gen challenge were removed from the aerosol quickly, and recovered. They 
died in anaphylactic shock when challenged with the antigen later. Their 
reactions to the first antigen aerosol were not thought to be ameliorated, since 
they reacted strongly and promptly to the initial challenge. 

Amelioration is a less reliable measure of drug protection than is the ab- 
sence of a reaction to the first postdrug antigen aerosol. The conelusion seems 
justified that a drug has a low order of effectiveness if it merely ameliorates 
and does not prevent any of a series of anticipated reactions to antigen aerosols. 

Neither protection nor amelioration were observed in 110 of 146 pigs in 
Table I. This seems to be the usual response when drug aerosols are ineffee- 
tual. 

Local desensitization seemed to have occurred in forty of the animals; they 
reacted unequivocally to the first but not to the second postdrug antigen 
aerosol challenge. The budget would not permit clarification of this potenti- 
ally important phase of protection by aerosols of drugs. This question of 
specific local desensitization by antigen aerosols while under the protection of 
antecedent and/or coneurrent drug aerosols should be studied as a separate 
problem. It is not unlikely that drug aerosols may become useful adjunets 
to the specific aerosol treatment of hay fever and asthma.® 

This method of protecting against inhaled antigens seems to be quite in- 
nocuous. Tyzine seemed to irritate a few pigs slightly. Otherwise, no reac- 
tions to any of the nearly 200 drug inhalations were observed. 

There are many variables in experiments of this sort. For example, 
guinea pigs of the same weight, sensitized passively with the same amount of 
antiserum, may react differently in the aerosol chamber. Of three such pigs, 
one may die in anaphylactic shock after one minute of exposure, another may 
develop a moderate reaction in six minutes, and the third may have a slight 
or no reaction in ten minutes. Reactions to aerosols are much less uniform 
than reactions to intravenous antigens in similarly prepared animals. A few 
of the other variables are the respiratory rate and depth during the aerosol, 
solubility of the drugs, local absorption and retention of the inhaled drugs, 
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topical antiallergic effectiveness, concentration of the drug used in the aerosol, 
duration of the drug aerosol, the postdrug interval before the first antigen 
challenge, and duration of the antigen aerosol exposure. 

Statistical studies would require careful control of all these variables, 

It is interesting that the Isuprel results were essentially the same here 
as before, whereas Pyribenzamine seemed less effective, alone and in combina. 
tion, than in the preliminary report.!| A possible explanation is that the ani. 
mals in the preliminary report were less sensitive than in these experiments. 

This method seems well adapted to the study of the effects of topically, 
and probably of systemically, administered drugs in the prevention and 
amelioration of specific reactions to inhaled antigens or haptens. Obviously, 
there are many ramifications of this broad problem which these limited ob- 
servations suggest but do not solve. 


SUMMARY AND CONCLUSIONS 


1. Aerosols of five sympathomimetie and five antihistamine drugs and three 
combinations of these drugs were studied for their effects on specific reactions 
to antigen aerosols. 


2. The drugs were effective, in the concentrations employed, in preventing 
or ameliorating the specific reactions in the following order: Chlor-Trimeton 
plus Isuprel, Isuprel, Pyribenzamine plus Neo-Synephrine, Chlor-Trimeton, 
Neo-Synephrine, epinephrine, and Pyribenzamine. 

Ephedrine, Tyzine, Benadryl, Ambodryl, Phenergan, cocaine, and Ponto- 
caine had no, or negligible, effects. 

3. The experiments were qualitative or only roughly quantitative. It is 
probable that, with careful attention to the many variables inherent in the 
method used, the effectiveness of aerosols of some of these drugs can be in- 
creased. 

4. This method should be readily adaptable to the screening of topical 
and, probably, systemic drugs which are designed to prevent bronchial reac- 
tions to inhaled antigens. 
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MAINTENANCE OF ARTHUS DESENSITIZATION 
PRELIMINARY REPORT 


OscaR SWINEFORD, JR., M.D., Berry A. AGE, M.D., J. T. CARPENTER, JR., M.D., 
Euiza Frrcen, B.S., anp Louist Tunu, B.A., CHARLOTTESVILLE, VA. 


INTRODUCTION 


ESENSITIZATION in the Arthus type of allergy has been reported by 
D Grineff,' Opie,? Culbertson,? Cannon and Marshall,‘ and others in actively 
immunized rabbits. The desensitization which they produced was transient. 
It seemed logical to attempt to prolong this desensitization. 

This is the report of some preliminary experiments designed to confirm 
the hypothesis that desensitization of the Arthus phenomenon can be main- 
tained by daily injections of specific antigen. No record of prior efforts to 
maintain Arthus desensitization has been found. 


METHODS 


Rabbits were immunized by injections of 10 mg. of antigenic ascaris poly- 
saccharide and 5 ¢.e. of 1:10 egg white solution, three successive days each 
week, until they had strong skin reactions and high precipitin titers. Several 
other schedules seemed equally effective in other animals. The asearis antigen 
was used because it was being studied in other experiments. It is estimated® 
that each cubic centimeter of 1:5 egg white solution contains 21.6 mg. of mixed 
proteins. The reasons for using egg white are discussed later. ; 

The desensitizing dose had to be determined for each animal. The first 
dose was given subeutaneously, followed by three or four larger ones at inter- 
rals of one or two hours, intravenously in the first experiments and intraperi- 
toneally later. There were no reactions when they were given this way. Skin 
tests and precipitin titers were done and more antigen was given daily until 
the skin test became negative or equivocal and the precipitin titer was mark- 
edly reduced. The total desensitizing doses varied from 15 to 55 ¢.e. of 1:5 
ege white solution and from 110 to 1,200 mg. (11 to 120 ¢e.e.) of asearis poly- 
saccharide. 

Skin and precipitin titers were then allowed to return to or near predesen- 
sitization levels spontaneously, in three or four days usually. The rabbits were 
then desensitized a second time by giving the predetermined desensitizing 
dose of antigen in divided doses within a few hours. Skin tests and precipitin 
titers were done about two hours later. If the skin reaction was positive the 
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next day, more antigen was given. If it was negative, single daily doses of 
antigen were given intraperitoneally in the attempt to maintain desensitiza. 
tion. 

During maintenance of desensitization, skin tests and precipitin titers were 
done daily. 

Daily desensitizing doses were given to seven rabbits for ten to fourteey 
days. The doses ranged from 10 to 35 ee. of 1:5 egg white solution (estimated® 
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Fig. 1.—Reactions were read about twenty-four hours after intradermal injections of 
antigen. 4+ reactions were deep red, firm, 3 to 4 mm. thick with hemorrhagic necrotic central 
areas, 10 to 15 mm. in diameter. These tended to heal with scabs. The indurated red areas 
were usually about 2 cm. or more. 3+ reactions were similar, but with smaller and fainter 
hemorrhagic centers. They were less thick and firm and the diameters of the indurated red 
portion were usually 2 cm. or less. Scab formation was negligible. 2+ reactions showed little, 
if any, central hemorrhage and the total diameters of the less red and less indurated areas 
were 1.5 cm. or less. 1+ reactions were pink, slightly thickened, and approximately 1 cm. in 
diameter. Plus-minus reactions were faintly pink and barely palpable. Negative reactions 
had no redness or induration around the sites of the needle pricks. 
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at 216 to 756 mg.) in five animals and from 150 to 450 mg. (15 to 45 ee.) of 
asearis polysaccharide in the other two. 

In the first four animals, an arbitrary daily dose of 10 ¢.e. of the egg 
white solution was given during most of the experiment. Fifteen cubic centi- 
meters was given during the last few days. In the last three animals, egg white 
in one and ascaris in the other two, the doses of antigen were increased progres- 
sively whenever the skin reactions increased, until they became negative or only 
weakly positive. 

Skin tests were done with 0.1 ¢.c. of antigen containing 1.0 mg. of ascaris 
or 0.5 mg. of a 1:20 solution of egg white. These test doses had been found 
to elicit strong reactions in sensitive rabbits. 


PRECIPITIN TITERS DURING MAINTENANCE OF ARTHUS DESENSITIZATION 
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Precipitin titers were done by the ring method, using 1:3 serum and 
decimal antigen dilutions with saline. Readings were made after two hours at 
room temperature. 


Controls—Two rabbits with strong skin and precipitin titers to both 
ascaris and egg white were given large comparable daily doses of nonspecific 
antigens, acacia to one and human serum to the other. The daily skin and 
precipitin titers with the specific antigens were not altered appreciably. 


RESULTS 


Fig. 1 shows the amounts of antigen used to produce desensitization initially, 
the daily doses used to maintain it, and graphs of the daily skin reactions in 
each of the seven rabbits. Note that the initial desensitizing doses caused skin 
reactions to become negative in the first four, equivocal in two (Nos. 6 and 7), 
and weakly positive in one (No. 5) of the animals. It is obvious that a marked 
degree of desensitization was maintained in all of them. The skin reactions 
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returned to their predesensitization titers in four animals on the second (No, 
6), third (No. 4), seventh (No. 3), and twelfth days (No. 7) after the antigen 
injections were stopped. 

Fig. 2 summarizes the daily precipitin titers. The average reduction was 
from slightly less than 10-* to slightly more than 10-°. None of them fell be. 
low 10-*. In the individual rabbits there was only a rough parallelism between . 
the precipitin titers and the intensity of the skin reactions; that is, at times 
the precipitin titers increased slightly when the skin reactions decreased, and 
vice versa, and changes in one would precede or lag behind changes in the 
other. 

DISCUSSION 


These observatons confirm the working hypothesis that Arthus desensitiza- 
tion can be maintained, in varying degree, by daily doses of specific egg white 
and asearis polysaccharide antigens. Grineff' reported complete desenstiza- 
tion with 2.0 ¢.c. of 1:5 egg white intravenously in two rabbits. Two control 
rabbits reacted strongly. He duplicated the same responses in the same rab- 
bits twice. 


Opie? reported complete Arthus desensitization and disappearance of pre- 
cipitins with crystalline egg albumin, but not with egg white in ‘‘enormous 
amounts.’’ An analysis of his data disclosed some interesting facts which 
previous reviewers have not mentioned: (1) He used only three rabbits, one 
for egg white and two for erystalline egg albumin; he did not mention having 
used others. (2) He used 250 mg. of erystalline egg albumin, a refined anti- 
gen, but only about 260 mg. (5.0 cc. of 1:2) of egg white, a mixture of anti- 
gens. (3) In spite of this, the egg white reduced the skin reaction from 4+ to 
1+ and the precipitin titer from 1:20,000 to 1:1,000. (4) He suggested that 
larger amounts of antigen mixtures might desensitize completely, but failed 
to test that hypothesis. These experiments (Fig. 1 and 2), using 525 to 860 
mg. of egg white, indicate that he would have obtained complete desensitiza- 
tion had he done so. 

The selection of egg white, a complex antigen, for immunization and 
desensitization requires some explanation. Its use seemed to be justified by 
the following considerations: Egg white desensitized and maintained desensi- 
tization. The premaintenance desensitization produced by egg white was 
complete in four rabbits and marked in the fifth rabbit. Crystalline egg al- 
bumin was less effective than egg white in the one animal (not shown) in 
which it was used. In two desensitizing attempts, with larger doses (440 
to 485 mg.) than Opie’s,? and in seven days of maintenance doses of 200 to 450 
mg., the daily skin reactions were as weak as 1+ only once. Random samples 
of egg white elicited more uniform skin reactions than did three different 
samples of crystalline egg albumin. Vaughan and Kabat® showed that erystal- 
line egg albumin was by no means a pure antigen and was inferior to egg white 
in eliciting Arthus skin reactions. 


Maintenance of desensitization (Fig. 1) was virtually complete in rabbit 
No. 2, and for five to ten days in all but No. 6. The fluctuations in skin reac- 
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tions in Nos. 3, 4, 5, and 6 have not been explained. It is tempting to assume 
that the stabilization of the skin reactions at low levels in Nos. 5 and 6 was 
due to the increasingly larger daily doses of antigen. Support of this idea 
is found in two earlier observations (not shown) that skin reactions returned 
to predesensitization levels in two days on 10 mg. doses and in four days on 
50 mg. doses of ascaris antigen. Perhaps an earlier increase in the relatively 
small daily doses of 10 ¢.c. would have had similar stabilizing effects in rab- 
bits No. 1, No. 3, and No. 4. 

Failure of precipitin titers to parallel the skin reactions is not disturbing, 
since it has been observed by others.?-* The results in Fig. 2 do indicate, how- 
ever, a distinct reduction in circulating precipitins during the period of daily 
doses of antigen. Quantitative antibody nitrogen determinations seemed 
irrelevant to these simple attempts to maintain Arthus desensitization. 

All the animals became thin and listless during the experiments. All 
had ear sloughs in areas in which antigen had not been injected and from 
which blood had not been taken. Two of them died on the fourteenth day of 
maintenance, one in shock and the other from peritonitis. Desensitization was 
discontinued in rabbit No. 2 after ten days because he sickened. He recovered 
ultimately. 

This preliminary report is limited to the attempts to confirm the working 
hypothesis. Further studies were deferred, pending the results of current 
efforts to obtain synthetic homogeneous antigens and haptens. 

Many interesting problems arose during these studies. Answers to them 
have not been found. For example: (1) What are the relative roles of anti- 
body neutralization and of immunologic unresponsiveness to antigen in pro- 
longed maintenance of desensitization? (2) How much total antibody can 
rabbits produce in response to such large doses of antigen? (3) How long ean 
antibody production continue to neutralize large daily doses of antigen, and 
how efficiently will it respond to antigen increments? (4) What is the mecha- 
nism whieh disposes of such large amounts of antigen? Of antibody? (5) 
When the mechanism for antibody disposal is in ‘‘high gear,’ will it remain 
specific for the antigen, or will it dispose of coexisting antibodies which are 
specific for other antigens? Some observations during these experiments sug- 
gest this possibility. 

SUMMARY 


Arthus desensitization was maintained for ten to fifteen days, in seven rab- 
bits, by daily injections of specific antigens. Egg white and ascaris polysac- 
charide were used arbitrarily. 

Many interesting problems arose, but no effort was made to solve them 
in these introductory experiments. 

Maintenance of Arthus desensitization has not been reported before. 
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EFFECTS OF ADRENOCORTICOTROPIC HORMONE ON PULMONARY 
FUNCTION IN COR PULMONALE 
Kk. Braun, M.D., AND S. Z. ROSENBERG, M.D., JERUSALEM, ISRAEL 


HE usefulness of adrenocorticotropic hormone as a bronchodilating agent 

in bronchial asthma has been demonstrated by various authors." In pa- 
tients with cor pulmonale, however, this treatment has been reported to carry 
therapeutic hazards causing edema of the alveolar membrane and, consequently, 
a decrease in the arterial oxygen saturation.® *1° Large amounts of adreno- 
ecorticotropic hormone were used in these studies.®* ® Small doses of adreno- 
corticotropic hormone, on the other hand, are therapeutically useful without 
causing undesirable side effects. ° It was decided, therefore, to evaluate the 
effect of treatment with small doses of adrenocorticotropic hormone on pul- 
monary function in patients with chronic lung disease and cor pulmonale, 
some of whom had signs of congestive heart failure before the treatment and 
some at the time of treatment. 


MATERIAL AND METHOD 


Eight studies of pulmonary function tests were performed before and 
after treatment in five patients, aged 35 to 65 years. All the patients suffered 
from cor pulmonale, confirmed by right ventricular strain in the electrocardio- 
gram, as a result of chronic bronchitis and obstructive emphysema. Hypox- 
emia and decreased ventilatory funetion were present in all. Adrenocortico- 
tropic hormone (ACTH*) was administered daily by intravenous drip in- 
fusion, 3 to 10 mg. in 500 ¢.e. 5 per cent glucose solution, or as a gel,+ 20 to 
40 mg. intramuscularly, for five to nine days. 

Vital capacity was measured in all cases and maximum breathing ¢a- 
pacity in all but one (Case 5). Normal values were predicted according to the 
criteria of Baldwin and associates.!! Arterial blood gases were determined 
by the method of Van Slyke and Neill." 


CASE REPORTS 


Case 1.—K. M., a 35-year-old man, was admitted to the hospital because of a severe 
attack of bronchial asthma. He began to complain of respiratory distress three and one- 
half years ago, One and one-half years ago his ankles became swollen and high blood 
pressure, albuminuria, hematuria, and ecylindruria were found. The patient was kept on 
a salt-poor diet and the edema disappeared. 
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On admission, he was cyanotic, dyspneic, and orthopenic; wheezing sounds could 


be heard from a distance. He was sweating profusely. The temperature was normal: 
: 


respiration was 30 per minute. The pulse was 120 per minute, regular; the blood pressure 
was 130/85 mm. Hg. Physical examination of the chest revealed many sonorous and 
sibilant rales throughout both lungs, and moist rales were heard at the lung bases. The 
heart was enlarged to the left; the heart sounds were normal and no murmurs were audible, 
The liver was palpable 3 cm. below the right costal margin. There was moderate ankle 
edema. 

Laboratory examination revealed normal blood count and normal sedimentation rate; 
blood urea, 32 mg. per cent; total protein, 6.6 gram per cent; albumin, 2.5 gram per cent; glob. 








‘by OV, i 


Fig. 1.—The electrocardiogram of Case 1 shows peaked and tall P waves in Lez and Ls, 
right axis deviation in the standard limb leads, qR complex in aVR, tall and notched R in 
V1, and a deep S in Vs. This tracing indicates right ventricular strain. 


ulin, 4.1 gram per cent. Urinalysis showed albumin (++), a few hyaline cylinders, and many 
white and red cells. The chest roentgenogram showed enlargement of the left ventricle; 
the hilar markings were markedly increased, especially on the right side. The electro- 
eardiogram exhibited P-pulmonale and right ventricular strain (Fig. 1). Pulmonary fune- 
tions could not be obtained at admission because of the severe respiratory distress. 

A diagnosis of bronchiectasis, pulmonary emphysema, bronchial asthma, chronic 
glomerulonephritis, cor pulmonale and congestive heart failure was made. 

Following ten days of treatment with bronchodilators, oral digitalis, and mercurial 
diuretics, the patient lost 8 kilograms in weight. His condition improved, making pos- 
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sible the performance of pulmonary function studies. The vital capacity was 68 per cent 
and the maximum breathing capacity 42 per cent of the predicted values. The arterial 
oxygen saturation was 83 per cent. ACTH gel, 20 mg. twice daily, was started and given 
for seven days. Following this treatment, there was marked improvement in the pul- 
monary function tests; the vital capacity rose to 93 per cent, the maximum breathing 
capacity to 64 per cent, and the oxygen saturation in the arterial blood was 96 per cent. 
The dyspnea was relieved completely. During the treatment with ACTH the patient did 
not gain weight, and no other harmful effects of the drug were seen. He was discharged 
in a markedly improved condition. 

One month later the patient was readmitted in severe status asthmaticus. There 
were no signs of right-sided heart failure. He coughed and produced a large amount of 
purulent sputum. The sputum culture revealed Bacterium coli and Staphylococcus albus, 
which were sensitive to all antibiotics. Pulmonary function tests on the fourth day of 
hospitalization revealed a vital capacity of 48 per cent and maximum breathing capacity 
of 23 per cent of the predicted values; the arterial oxygen saturation was 71 per cent and 
the carbon dioxide content was 51.04 volume per cent. Following treatment with anti- 
bioties and intravenous infusions of 5 mg. ACTH daily for nine days, complete relief from 
asthmatic attacks was achieved. Repeated pulmonary function studies showed that the 
vital capacity increased to 97 per cent and the maximum breathing capacity to 71 per 
cent of the predicted values. The oxygen saturation of the arterial blood increased to 
86 per cent and the carbon dioxide content decreased to 49.57 volume per cent. No un- 
desirable effects of ACTH were observed, and the patient left the ward very much im- 
proved. 

CasE 2.—M. Z., a 46-year-old man known to suffer from chronic bronchitis, bronchi- 
ectasis, pulmonary emphysema, and cor pulmonale, was admitted to the ward for the fifth 
time. His chief complaint was high fever of four days’ duration accompanied by severe 
respiratory distress and productive cough. 

On admission, the temperature was 38.8° C.; the respiratory rate was 28 per minute; 
the pulse was 96 per minute, regular; the blood pressure was 170/110 mm. Hg. Dyspnea, 
orthopnea, and marked cyanosis of the lips and nail beds were noted. There was slight 
clubbing of the fingers and marked engorgement of the neck veins. The chest was barrel- 
shaped and showed practically no respiratory expansion. There were hyperresonance and 
distant breath sounds, with a prolonged expiratory phase. Sibilant and sonorous rales 
were heard throughout both lungs, and coarse, medium-sized, moist rales were heard at 
the bases, especially on the right side. The heart sounds were barely audible, The liver 
was palpable 3 em. below the right costal margin and was tender. There was no peripheral 
edema. 


Laboratory Examination.—Red blood cell count was 6.8 million; hemoglobin, 17.5 
gram per cent; white blood cell count, 18,900; differential count normal; hematocrit, 58 per 
cent. The blood sedimentation rate was normal. The venous pressure in the antecubital 
vein was 22.5 em. H,O; the circulation time (Decholin), 15 seconds. The urine was normal. 
Sputum culture yielded Neisseria catarrhalis and Staphylococcus albus, which were sensitive 
to antibiotics, X-ray examination of the chest revealed very prominent hilar markings, 
especially on the right side, and a reticular shadow in the lower half of the right lung. 
The electrocardiogram showed P-pulmonale and right ventricular strain. Pulmonary fune- 
tion studies, on admission, revealed a vital capacity of 32 per cent and maximum breathing 
capacity of 17 per cent of the predicted values. The spirogram showed a markedly pro- 
longed expiratory slope. The arterial oxygen saturation was 55 per cent and the carbon 
dioxide content was 61.32 volume per cent, ‘The patient was treated with antibiotics, 
bronchodilators, and xanthine preparations for fourteen days. Phlebotomy was performed 
on several occasions. At the end of this treatment, the temperature became normal and 
the general condition improved. The vital capacity rose to 50 per cent and the maximum 
breathing capacity to 25 per cent of the predicted values. The oxygen saturation in the 
arterial blood rose to 70 per cent and the carbon dioxide content was 66.67 volume per 
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cent. At this stage an intravenous drip infusion with 3 mg. ACTH daily was started and 
continued for six consecutive days. There was no further subjective improvement fo]. 
lowing this treatment. The pulmonary function test revealed vital capacity of 40 per 
cent and maximum breathing capacity of 19 per cent. The arterial oxygen saturation 
increased to 83 per cent and the carbon dioxide content decreased to 57.62 volume per 
cent. The patient’s general condition was satisfactory and he was discharged. 

The patient was readmitted one year later with a similar clinical picture. Signs of 
congestive heart failure were present. The vital capacity was 65 per cent and the maxi- 
mum breathing capacity 15 per cent of the predicted. The arterial oxygen saturation was 
83 per cent and the carbon dioxide content was 50.02 volume per cent. Digitalis, mer. 
curial diuretics, and antibiotics were given, After a two-week period, repeated pulmonary 
function tests showed no significant change. Following eight days’ treatment with 5 mg, 
ACTH daily by intravenous drip, the vital capacity was unchanged but the maximum 
breathing capacity increased to 28 per cent. The arterial oxygen saturation rose to 94 
per cent and the carbon dioxide content was 53.25 volume per cent. The patient left the 
hospital in an improved state. 





CASE 3.—M. M., a 65-year-old man, was admitted to the hospital complaining of in- 
creasing shortness of breath on slight exertion and productive cough for the last six years, 
On two occasions the patient noted swelling of the ankles which lasted for some days. He 
was a heavy smoker and an alcoholic up to two years prior to hospitalization. 

On admission, a chronically ill patient was seen with orthopnea, dyspnea, and very 
marked cyanosis of the lips. There was no fever; respiration was 36 per minute, shallow. 
Fingernails showed a marked degree of clubbing. The pulse was regular, 100 per minute; 
the blood pressure was 135/100 mm, Hg. There was no engorgement of the neck veins 
in the sitting position. The chest was almost completely fixed in an inspiratory position. 
The lung fields were hyperresonant and the breath sounds were distant. Numerous sibi- 
lant and sonorous rales were heard all over the lung fields and some moist rales were 
found over the bases, The heart sounds were distant and. no murmurs were heard. The 
liver was palpable 7 cm. below the right costal margin and was firm and tender. The 
spleen was not felt. There was no peripheral edema. 


Laboratory Examination.—Red blood cell count was 7 million; hemoglobin, 19 gram 
per cent; white blood cell count, 7,300 with a normal differential count; hematocrit, 66 
per cent. The sedimentation rate was 1 mm. per hour. In the sputum culture Strepto- 
coccus anhemolyticus and Bacteriwm coli were found. The venous pressure in the ante- 
cubital vein was 12 em. H,O, and the circulation time (Decholin) was twenty seconds. 
The electrocardiogram showed P-pulmonale and right ventricular strain; a deep Q wave 
in standard leads II and III and in aVF indicated healed posterior wall infarction. Chest 
roentgenograms showed pulmonary emphysema, increased hilar markings, and slight en- 
largement of the heart. Pulmonary function studies on admission showed vital capacity 
of 45 per cent and maximum breathing capacity of 16 per cent of the predicted values; 
in the spirogram a prolonged expiratory slope was seen. The oxygen saturation of the 
arterial blood was 83 per cent and the carbon dioxide content was 65.20 volume per cent. 
Cardiac catheterization revealed pulmonary artery pressure of 50/26 mm. Hg, mean 37.5 
mm. Hg. The oxygen saturation in the brachial artery was 83 per cent, and in the pul- 
monary artery 54 per cent. The cardiac index was 2.17 liters per minute per square meter. 
The calculated pulmonary vascular resistance was 823 dynes second em.->. 

A clinical diagnosis of chronic spastic bronchitis, emphysema of the lungs, cor pul- 
monale, and congestive heart failure was made. 

During the first five days of hospitalization, treatment consisted of antibiotics only. 
The clinical condition of the patient did not change markedly and although signs of con- 
gestive heart failure were still present, treatment with ACTH was started. The patient 
received 10 mg. ACTH daily by intravenous drip for five days and 20 mg. ACTH gel 
twice daily for three more days. A remarkable change in the clinical condition occurred. 
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The respiratory distress and the cough disappeared, the cyanosis diminished, the bronchial 
rales decreased, the liver became smaller and less tender, and the venous pressure dropped 
to 6 em. H,O, There was marked improvement in lung functions. The vital capacity in- 
creased to 59 per cent and the maximum breathing capacity to 26 per cent of the predicted 
normal values. The oxygen saturation in the arterial blood rose to 92 per cent and the 
earbon dioxide content dropped to 58.80 volume per cent, No gain in weight was noted. 
Three days after cessation of ACTH therapy the patient left the ward in a satisfactory 
condition. 

Five months later he was readmitted in a state of severe congestive heart failure. 
The vital capacity was 54 per cent and the maximum breathing capacity was 17 per cent 
of the predicted values. The arterial oxygen saturation was 53 per cent and the carbon 
dioxide content was 65.36 volume per cent. Cardiac catheterization revealed a pulmonary 
artery pressure of 62/46 mm. Hg, mean 57 mm. Hg. Oxygen saturation of the pulmonary 
arterial blood was 23 per cent. The cardiac index was 2.44 liters per minute per square 
meter. The calculated pulmonary vascular resistance was 1017 dynes second em.-5. 

Following treatment with antibiotics, bronchodilators, and mercurial diureties for 
fourteen days, the respiratory distress and the cyanosis diminished, The signs of con- 
gestive heart failure subsided and the patient lost 10 kilograms in weight. The vital 
capacity increased to 77 per cent and the maximum breathing capacity to 31 per cent of 
the predicted values. The arterial oxygen saturation rose to 84 per cent and the earbon 
dioxide content dropped to 59.07 volume per cent. In order to investigate whether ACTH 
may produce further improvement of pulmonary function, the patient received 5 mg. 
ACTH by intravenous drip daily for seven days. There was no objective change in the 
patient’s condition, The pulmonary function tests showed no significant change from 
those prior to this treatment. The patient was discharged in a satisfactory condition. 


Case 4.—D. J., a 65-year-old man suffering from diabetes mellitus and bronchial 
asthma for twelve vears, was admitted to the hospital because of status asthmaticus of 
ten days’ duration. He had been hospitalized three times previously because of upper 
respiratory tract infections, severe dyspnea, and cough. 

On admission he was suffering from extreme dyspnea, orthopnea, and tachypnea. 
Cyanosis of the fingernail beds and the lips was noted. There was no fever; the pulse 
was regular, 112 per minute; the blood pressure was 145/85 mm. Hg. The chest was 
barrel-shaped and exhibited minimal respiratory movements, On auscultation, numerous 
sibilant and sonorous rales were heard throughout the lungs. The heart could not be out- 
lined on percussion. The heart sounds were barely heard and no murmurs were audible. 
The liver was palpable 3 em. below the right costal margin and was tender; the spleen 
was not felt. There was no peripheral edema. 

Laboratory Examination.—Urinalysis revealed traces of albumin, sugar,**) no ace- 
tone; some leukocytes and erythrocytes were found in the sediment. The blood sugar 
was usually less than 180 milligrams per cent. The red blood cell count was 4.5 million; 
hemoglobin 13 gram per cent; white blood cell count, 11,000; the differential count was nor- 
mal. The sedimentation rate was 3 mm. per hour. In the sputum culture, diffuse growth 
of Staphylococcus aureus was obtained, which was sensitive to antibiotics. A roentgeno- 
gram of the chest showed pulmonary emphysema and a heart of normal size. In the 
electrocardiogram, right ventricular strain was found. 

A diagnosis of bronchial asthma, chronie bronchitis, emphysema of lungs, and cor 
pulmonale was made, Mild diabetes was present. 

Pulmonary function tests could not be obtained on admission because of the severe 
respiratory distress, The patient received oxygen, digitalis, mercurial diuretics, amino- 
phyllin, and Achromyein during the first four days. On the fifth day of hospitalization, 
pulmonary funetion tests showed that the vital capacity was 47 per cent and the maximum 
breathing capacity 20 per cent of the predicted values. The arterial blood oxygen satura- 
tion was 83 per cent and the carbon dioxide content was 48.01 volume per cent. Following 
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treatment with 10 mg. ACTH by intravenous drip daily for five days and 20 mg. ACTH 
gel for four more days, significant improvement occurred, The asthmatic attacks disap- 
peared completely. The pulmonary function tests performed at that time revealed vita] 
capacity of 87 per cent and maximum breathing capacity of 62 per cent of the predicteg 
values. The arterial oxygen saturation was 84 per cent and the carbon dioxide content 
was 41.26 volume per cent. The blood sugar remained at the same levels as before treat. 
ment with ACTH. The patient was due to leave the hospital when, unfortunately, he 
was found dead in the lavatory. The cause of death remained unknown, as autopsy could 
not be performed. 












































TABLE [ 
| | VITAL jl ~~ 
| CAPAC- | CARBON DIOXx- 
| INITIALS, | rey MAXIMUM OXYGEN SATU- IDE CONTENT 
AGE, AND (% OF | BREATHING CA- RATION OF AR- OF ARTERIAL 
CASE SEX OF | PRE- | PACITY (% OF | TERIAL BLOOD BLOOD 
NO. PATIENT 'DICTED)| PREDICTED) | (%) (VOL. %) 
1 kK. M, Before ACTH 68 42 83 
35 After ACTH 93 6-4 96 ee 
M Before ACTH 48 23 71 51.04. 
After ACTH 97 71 86 49.57 
2 M.Z Before ACTH 50 25 70) 66.67. 
46 After ACTH 40 19 83 57.62 
M Before ACTH 65 15 83 50.02 
After ACTH 67 28 94 53.25 
3 M. M. Before ACTH 45 16 83 65.20. 
65 After ACTH 59 26 92 58.80 
M Before ACTH 77 31 84 59.07 
After ACTH 73 32 85 60.32 
4 D. J. Before ACTH 47 20 83 48.01 
65 After ACTH 87 62 84 41.26 
M 
5 A, &, Before ACTH 67 _ 88 49.61 
50 After ACTH 69 sis 88 48.50 
F 





CASE 5.—A. E., a 50-year-old woman, suffering from respiratory distress for the past 
eight years, was admitted to the hospital because of severe shortness of breath, palpita- 
tion, cough, and fever. Eight months prior to admission, symptoms of congestive heart 
failure had appeared and treatment with digitalis was given. 

On admission, the patient was severely dyspneic, cyanotic, and somnolent. The 
temperature was 38° C.; the pulse was regular, 120 per minute; the blood pressure was 
130/70 mm. Hg. There was marked congestion of the neck veins. Respiration was shal- 
low, 25 per minute; the respiratory movements of the chest were minimal. Hyperreso- 
nance, diminished breath sounds, numerous sonorous and sibilant rales all over the lungs, 
and fine, moist rales over the right base were found. The heart was enlarged in all di- 
rections. The heart sounds were normal; no murmurs were audible. The liver was pal- 
pable 5 em. below the right costal margin; it was smooth and very tender. Marked pe- 
ripheral edema was present. 


Laboratory Examination.—Red blood cell count was 4.5 million; hemoglobin, 12.5 gram 
per cent; white blood cell count, 12,500; differential count, normal; hematocrit, 48 per 
cent, The blood sedimentation rate was 11/35 mm. In the sputum culture Neisseria 
catarrhalis and Staphylococcus aureus were found; they were sensitive to antibiotics, The 
venous pressure was 23 em. H,O. The chest roentgenogram showed increased hilar mark- 
ings, the heart enlarged in all directions, increased density in the right lung base, and a 
small amount of fluid in the right costodiaphragmatie sinus. The electrocardiogram 
showed P-pulmonale and right ventricular strain. The vital capacity was 33 per cent of 
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the normal predicted value and a markedly prolonged expiratory slope was seen in the 
spirogram ; the arterial oxygen saturation was 57 per cent, and the carbon dioxide content 
was 63.80 volume per cent. 

The presumptive diagnosis was chronic bronchitis, infected bronchiectasis, obstructive 
emphysema, and cor pulmonale with congestive heart failure. 

Treatment with digitalis, bronchodilators, antibiotics, and mereurial diuretics was 
given. In the course of five weeks a gradual improvement occurred. The signs of con- 
gestive heart failure diminished, the patient lost 10 kilograms in weight, and the chest 
x-ray revealed a decrease in heart size and clear lung fields. At this stage of the disease, 
the vital capacity was 67 per cent of the predicted value. The arterial oxygen saturation 
was 88 per cent and the carbon dioxide content was 49.61 volume per cent. In an attempt 
to improve the lung function further, ACTH gel, 15 mg. twice daily, was given for a week. 
The subjective condition of the patient did not alter, but she gained 4 kilograms in weight. 
The vital capacity and the arterial oxygen saturation remained unchanged. After the 
administration of a mercurial diuretic, she returned to her previous weight and left the 
hospital in a satisfactory condition. 


COMMENT 


It is generally agreed that obstructive emphysema is the main underlying 
cause in a large number of cases of cor pulmonale. Frequently a superim- 
posed pulmonary infection aggravates this condition, causes a further de- 
crease in the arterial oxygen saturation, and leads to respiratory acidosis. 
This course of events precipitates congestive heart failure in many cases of 
cor pulmonale.’® Treatment should be directed primarily toward the under- 
lying functional disturbance, the aim being to combat infection and open up 
intrapulmonary airways. Antibiotics and extensive use of bronchodilators 
have proved to be very effective. Adrenocorticotropic hormone has been 
shown to induce a marked and sustained bronchodilatation, probably by re- 
ducing the inflammatory and/or allergic swelling of the bronchiolar mucosa 
and by relieving bronchiolar spasm directly.‘* In eases of long-standing lung 
disease accompanied by cor pulmonale and hypoxemia, however, treatment 
with adrenocorticotropic hormone has been considered hazardous.® §-!° Lukas? 
reported that in one patient with far-advanced lung disease and cor pulmonale 
the arterial oxygen saturation decreased after this treatment, indicating de- 
terioration of respiratory function. Galdston and associates* reported de- 
terioration of lung functions in three of five patients suffering from emphy- 
sema who received treatment with adrenocorticotropic hormone. These au- 
thors assumed that salt and fluid retention due to adrenocorticotropie hor- 
mone administration caused interstitial alveolar edema which interfered with 
blood oxygenation and caused an additional burden on an already insufficient 
myocardium. In both these studies, relatively large amounts of adrenocortico- 
tropic hormone (40 to 240 mg. daily) were used. 

Patient K. M. was admitted twice to our hospital in a state of severe 
pulmonary insufficiency and right-sided heart failure. The arterial oxygen 
saturation on the two admissions was 83 per cent and 71 per cent, respectively. 
After treatment with adrenocorticotropic hormone, dramatic clinical improve- 
ment occurred on both oceasions. The arterial oxygen saturation increased 
markedly, together with the improvement of ventilatory functions. It is note- 





156 THE JOURNAL OF ALLERGY 


worthy that the therapeutic effect in this case was the maximum in our Series, 
which may be explained by the relatively young age of the patient and the 
short history of asthmatic attacks. It may be assumed that parenchymal 
changes in the lungs, besides the bronchiectasis, were of minimal degree and 
thus the pulmonary insufficiency was caused mainly by the bronchial obstrue. 
tion. 

Patient M. Z. had a long-standing history of ehronie bronchitis and 
asthma, complicated recently by congestive heart failure. After two weeks 
of intensive treatment with antibiotics, bronchodilators, and mercurial diu- 
retics, the signs of congestive heart failure diminished, but were still present 
when treatment with adrenocorticotropic hormone was started. Although 
following treatment the ventilatory functions did not improve (but even de- 
creased somewhat), the arterial oxygen saturation rose from 70 per cent to 
83 per cent, and the signs of congestive heart failure disappeared. On the 
second admission the same symptoms were present and similar observations 
were obtained. Arterial oxygen saturation increased this time to normal 
values, together with some improvement in the ventilatory functions. 


Patient M. M., who showed features similar to the previous case, suffered 
from chronic bronchitis and asthma for many years. He was admitted in a 
state of severe congestive heart failure. After treatment with antibiotics and 
mercurial diuretics, the signs of heart failure diminished but they were still 
present when administration of adrenocorticotropic hormone was started. 
Following this treatment, the ventilatory functions increased and the arterial 
oxygen saturation rose from 83 to 92 per cent. The signs of congestive heart 
failure disappeared. On the second admission, however, treatment with 
adrenocorticotropiec hormone was not followed by any improvement in the 
ventilatory functions and the arterial oxygen saturation did not change either. 

Patient D. J. suffered for twelve years from chronic bronchitis and bron- 
chial asthma. On admission he was in a state of severe asthma and had signs 
of pulmonary infection and right heart failure. During the first four days 
intensive treatment with digitalis, mercurial diuretics and antibiotics did 
not influence the patient’s severe condition. Thereafter he was given treat- 
ment with adrenocorticotropic hormone, which was followed by complete re- 
lief from asthmatic attacks and regression of the signs of heart failure. Al- 
though his ventilatory functions improved markedly, no change in ‘the ar- 
terial oxygen saturation was found. 

Patient A. E. was admitted in an extremely severe state of congestive 
heart failure. She had a history of asthmatic attacks for the past eight years. 
After five weeks of intensive treatment with digitalis, antibiotics, and 
aminophyllin, the signs of congestive heart failure disappeared. There were 
still oxygen unsaturation and ventilatory insufficiency when an attempt was 
made to improve the lung functions further by treatment with adreno- 
corticotropic hormone. Following this treatment, no change in the ven- 
tilatory functions or oxygen saturation was observed. Signs of congestive 
heart failure did not reappear. 
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Our observations indicate that treatment with small doses of adreno- 
eortiecotropic hormone in a group of patients with cor pulmonale, characterized 
by marked decrease of ventilatory and respiratory functions, was of benefit and 
eaused no harmful effects. The ventilatory functions improved in five in- 
stances, remained unchanged in two, and decreased slightly in one. The ad- 
ministration of adrenocorticotropic hormone was followed by marked in- 
erease of the arterial oxygen saturation in five of the eight treatments. In 
no instance did a decrease in the arterial oxygen saturation occur. It may 
be concluded that no disturbance of gas exchange occurred in our cases as 
a result of the treatment, as has been reported by Lukas’? and by Galdston 
and associates® in patients suffering from similar lung diseases. These authors 
used greater amounts of adrenocorticotropic hormone in their series than we 
did. It appears, therefore, that the smaller amount may have a full bene- 
ficial therapeutic effect on the bronchial tree without causing interstitial 
alveolar edema, which latter is assumed to lead to a further aggravation of 
the pre-existing respiratory insufficiency. 


SUMMARY 


Ventilatory functions and arterial blood gases were studied on eight 
oceasions in five patients with cor pulmonale before and after treatment with 
small doses of adrenocorticotropic hormone. 

Marked ventilatory insufficiency and arterial oxygen unsaturation were 
present in all patients previous to treatment. Following treatment, ventila- 


tory functions improved markedly in five patients, remained unchanged in 
two, and decreased slightly in one. The arterial oxygen saturation increased 
in five, and remained unchanged in three instances. No depression of gas 


exchange was observed. 

It is econeluded that in patients with cor pulmonale small doses of 
adrenocorticotropie hormone may be therapeutically effective without caus- 
ing harmful side effects. 


The technical assistance of Mrs. L. Bak and Mr. J, Rozsa is acknowledged with 
gratitude. 
REFERENCES 


. Shulman, L. E., MeGehee, Harvey A., Howard, J. E., and Schoenrich, E. H.: Clinical 
Studies With ACTH in Bronchial Asthma, in Mote, J. R, (editor): Proceedings 
of the Second Clinical ACTH Conference, Philadelphia, 1951, The Blakiston Com- 
pany, p. 401. 

. Segal, M. S., and Herschfus, J. A.: Pituitary Adrenocorticotropic Hormone (ACTH) 
in the Management of Severe Chronic Bronchial Asthma, in Mote, J. R. (editor): 
Proceedings of the Second Clinical ACTH Conference, Philadelphia, 1951, The 
Blakiston Company, p. 427. 

3. Arbesman, C. E., Schneider, M. A., Greene, D. G., and Osgood, H.: Intravenous ACTH 
and Oral Cortisone in the Treatment of Bronchial Asthma, J. ALLERGY 23: 293, 
1952. 

. Gelfand, H. H.: Prolonged Ambulatory Use of Cortisone and ACTH for Bronchial 
Asthma and Other Allergies, J. ALLERGY 24: 510, 1953. 

5. Cohen, A. M., and Ehrenfeld, E. N.: Continuous Intravenous Administration of ACTH, 
Acta endocrinol. 10: 128, 1952. 

i. Braun, K., Samuelof, M., and Cohen, A. M.: Effects of Intravenously Administered 
ACTH on the Pulmonary Function in Bronchial Asthma and Emphysema, Dis. 
Chest 24: 76, 1953. 




















158 THE JOURNAL OF ALLERGY 





. Baldwin, H. S., deGara, P. F., Spielman, A. D., and ee M.: ACTH and Corti- 
sone in the Treatment of Asthma, J. ALL ERGY 26: 44, 1955 
8. Galdston, M., Weisenfeld, 8. a B., and Rosenbluth, M. B.: Effects of ACTH in 
Chronic "Lung Disease, Am. J. Med. 10: 166 , 1951. 


9. Lukas, D. S.: Some Effects of "Adrenocorticotropic Hormone and Cortisone on Pul- 
monary Function of Patients With Obstructive Emphysema, Am. Rev. Tubere, 64; 
279, 1951. 
10. Braun, x. and Samuelof, M.: The Effects of Pulmonary Infection on Cardiorespira- I 


tory F unctions in Chronic Emphysema, Dis. Chest 27: 76, 1955. 
if Baldwin, E., de F., Cournand, A., and Richards, D, W. Jr.: Pulmonary Insufficiency, 
a i Physiological Classification, Clinical Methods of Analysis, Standard Values jn 
Normal Subjects, ge gg = 248, 1948. 
12. Van Slyke, D. D., and Neill, The Determination of Cases in Blood and Other 
Solutions by Vacuum Beleee and Manometrie Measurements, J. Biol. Chem. 
61: 523, 1924. 





HISTOCHEMICAL VARIATIONS OF THE LIPIDS OF THE ADRENALS 
IN GUINEA PIGS WITH EXPERIMENTAL ASTHMA 


A. E. BACHMANN,* R. E. MANcINI, G. E. Bur, ANp E. A. PEDACE, 
BuENOsS AIRES, ARGENTINA 


N EXPERIMENTAL" and clinical works*® it is reeognized that allergic 

phenomena may act as stress agents, with repercussions on the adrenal glands. 
Winer, Beakey, and Segal,‘ in autopsies of four persons who died in a state of 
asthma, found a discreet decrease of the lipids of the adrenals. Considering that 
the normal and pathologie function of the adrenal gland, as far as the production 
of steroid hormones is concerned, is intimately related to the content of lipids, 
especially of cholesterol and its esters, we have studied the modifications in the 
lipids of adrenals of guinea pigs subjected to prolonged and repeated attacks 
of experimental asthma. The presence of vitamin C was studied by histochemical 
methods, since, according to Deane and Morse,® its presence might be related to 
the capacity of the adrenal glands to synthesize the cortical steroids. 

We chose guinea pigs because they are very suitable for the study of experi- 
mental asthma, for the anatomic-pathologie alterations of their shock organs 
are similar to some of the alterations found in the allergic human organism.*~* 

The modifications thus obtained in the adrenal glands of the guinea pigs 
were compared to the alterations suffered by the same glands in other guinea pigs 
treated with formol, a very powerful stress agent. In this species, as Croxatto 
and Chiriboga® have pointed out, besides other alterations, there is a marked 
decrease of adrenal lipids, which they demonstrated in preparations stained 
with hematoxylin and eosin. 

MATERIALS AND METHODS 

We used forty-six male guinea pigs, weighing 250 to 350 grams, twenty of 
which we kept as controls. The entire group was fed grass without restrictions. 
Ten had been sensitized with a daily intraperitoneal injection of 10 per cent 
egg albumin for one week; fifteen days after the last injection they had been 
sprayed with the same albumin solution, as we have described in a previous 
paper,’® for one hour every day for one to eight days. All of them had attacks 
of experimental asthma of variable intensity, and one hour after the last spray- 
ing they were sacrificed by a blow on the head. 

Five other guinea pigs were sprayed with 0.05 per cent histamine, accord- 
ing to the method we have described in a previous paper,"’ every day for one 
to eight days. All animals went into shock. They were all killed one hour after 


the last spraying. 
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Finally, the remaining ten animals were injected subcutaneously with 9 
per cent formol. Three of them were sacrificed after the eighth injection, but 
the others died spontaneously; one after eight injections, another after six, three 
after the fifth inoculation, and two after the fourth injection. Almost all of 
them showed edema at the site of the injections, some with sears, a general bad 
state, and loss of weight. 


A part of each of the adrenal glands of nearly all these animals (except 
those shocked with formol that died spontaneously) was fixed, after the death 
of the animals, in a solution of absolute ethanol, acetic acid, and distilled 
water saturated with silver nitrate for the histochemical study of vitamin ( 
following the technique of Deane and Morse.® 


The remaining parts of the adrenal glands of these animals were fixed in 
10 per cent formol. One part was treated with the common histologic methods 
(paraffin inclusion and hematoxylin and eosin), and another part was cut on 
the freezing microtome for the histochemical study of lipids in general with 
Sudan III, the study of cholesterol esters by Schultze’s method, the study of 
free cholesterol by Brunswick’s method, the study of fatty acids and neutral 
fats by Lorrain’s method, and the plasmal reaction by Feulgen and Vogt’s 
method. To apply these methods, we followed Lison’s’ suggestions. 


RESULTS 


Control Guinea Pigs——The only modification in the adrenal glands, macro- 
scopically, was the marked variability of size and weight. This was one of the 
reasons why the latter was not recorded, the other reason being the purpose of 
the work itself which was not really related to the morphology but to the histo- 
chemical variations of the lipids and vitamin C. 



































TABLE I 
ASTHMATIC GUINEA GUINEA PIGS SHOCKED 
CONTROL GUINEA PIGS PIGS WITH FORMOL 

GLOM- | FASCIC- | RETIC- | GLOM- |FASCIC- | RETIC- | GLOM- | FASCIC- | RETIC- 

METHODS ERULI ULI | ULAS ERULI ULI ULAS ERULI ULI ULAS 
Sudan IIT = $44 + 2 ++ a + + 0 
Schultze a5 +t + 0 +t + 0 + 0 
Brunswick 0 ++ + 0 ++ + 0 + 0 
Feulgen 0 +++ + a ee ~ if + + 
Lorrain 0 +44 + 0 +++ + 0 t+ 0 
Vitamin C + ++ + + ++ + 0 + 0 





These results obtained in the three zones of the adrenal glands’ cortex with 
the six methods that we followed are summarized in Table I, on which plus signs 
(+) mark the average intensity of positive reactions; plus-minus (+) very little 
intensity; one plus (+), little intensity; two plus (++), medium intensity; and 
three plus (44+), great intensity. 

It may be observed that the amount of vitamin C was regular in the fas- 
eiculi and small in the glomeruli and reticulas, as well as in the lumen and 
around the capillaries. In the connective tissue of the capsule of the glands 


there appeared some small quantities of ascorbic acid. It became apparent 
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under the shape of granules of different sizes and disseminated on the cellular 
eytoplasm, ‘arely agglutinated around the nuclei. In some animals vitamin C 
also showed on the walls and lumen of some of the eapillaries. 

In the glomeruli the reactions for the lipids were negative or of very little 
intensity, whereas in the fasciculi the reactions for the total lipids (Sudan IIT) 
and fatty acids (Lorrain) and the plasmal reaction were of great intensity. 
Finally, in the reticulas all the reactions were of very little or little intensity. 

The great intensity of reaction with Sudan III, especially on the fasciculi, 
ean be observed in Fig. 1; this reaction holds a small part of the glomeruli, the 
whole of the fasciculi homogeneously, and some parts of the reticulas. 





Big. 1. Pig. 2. 


Fig. 1.—Control guinea pigs. Sudan III stain. Adrenal gland showing very intense reaction * 
in the outer zone of the fasciculi and moderate reaction in the inner zone. Few cells react 
positively in the reticulas. 

Fig. 2—Same animal as in Fig. 1. Brunswick method. Birefringence of cholesterol in- 
tensively positive in the fasciculi. 





Schultze’s reaction showed variations in the different control animals, be- 
cause in some of them the fasciculi are taken uniformly with great intensity 
and in others the reaction was uniform only in the exterior fasciculi with single 
islets on the interior fasciculi and in the reticulas. In others, besides those islets, 
there were some narrow bands of positive reaction spreading from the exterior 
fasciculi to the reticulas. 

In the fasciculi and reticulas of some of the animals, Brunswick’s reaction 
was of great uniformity and intensity but, in others, this reaction was visible 
only in single places on the fasciculi. The birefringence can be very well ap- 
preciated in Fig. 2. 
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Lorrain’s reaction was of marked intensity in most of these animals, the 
red color for fatty acids predominating especially in the reticulas and faseieulj, 

Feulgen and Vogt’s reaction was intensely positive in all these animals, 
sometimes increasing its intensity in the interior fascicular zone. 

Guinea Pigs With Experimental Asthma.—To establish the histochemieal 
evidence of vitamin C and lipids, the same method as in the previous group was 
used, as shown in Table I. The distribution and intensity of the vitamin ( 
reaction were similar to those observed in the control group. 





Fig. 3. Fig. 4. 


Fig. 3.—Guinea pigs with experimental asthma at the end of 8 days with aerosolized 
Pepeermaey Sudan III stain. Moderate and sparse staining, especially in the outer zone of the 
eee 4.—Same animal as in Fig. 3. Brunswick reaction. Moderate reaction in the fas- 

The results obtained in the glomeruli of these animals are similar to those 
of the control animals. On the fasciculi there was a disereet decrease in the 
intensity of reaction with Sudan ITI. The other reactions did not show any sub- 
stantial change. 

In those guinea pigs that suffered more intense attacks of experimental 
asthma during more days (as many as eight consecutive days), the reaction 
with Sudan III was diminished, but was positive and more intense on the 
exterior fasciculi (Fig. 3). 

The intensity of Brunswick’s reaction was not so positive in the same 
animals; this reaction took on a distribution similar to the previous one, as can 
be seen in Fig. 4. 
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We do not enumerate the results of the guinea pigs shocked with histamine 
hecause the variations are very similar to those shocked with albumin but, as 
there were only five animals, the variations may be of no importance. 

Guinea Pigs Shocked With Formol.—tThe results of the methods that we 
followed were determined in the same manner as the two previous groups, and 
are included in Table I. 

It can be observed that the very small amount of vitamin C present in the 
fasciculi of the sacrificed animals is on the walls and in the lumen of the 
capillaries. In the animals that died spontaneously we did not perform vitamin 
(‘ determinations because, although they had been put in the freezer immediately 
after death, the autopsy was performed some hours later. 





Fig. 5. Fig. 6. 


Fig. 5.—Guinea pigs shocked with formol by subcutaneous injection; end of the eighth 
day. Sudan III stain. Weak staining in the hypertrophied fasciculi. 


Fig. 6.—Same animal as in Fig. 5. Brunswick method. Weak reaction in the fasciculi. 





The reactions on the glomeruli are similar to those pointed out in the 
previous groups, whereas on the fasciculi a decrease of intensity in all the reac- 
tions is noticed, more particularly with Sudan III, Schultze, and plasmal reac- 
tions. The decrease of intensity of these reactions was obtained in the animals 
that died spontaneously, especially in those that died after five or more injec- 
tions of formol. In such instanees Sudan IIT was positive only in single places 
on the fascieuli (Fig. 5), very hypertrophic as can be seen more clearly in the 
sections colored with hematoxylin and eosin. 
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Schultze’s reaction was completely negative in several of these animals: 
Brunswick’s reaction was also remarkably less intense and it appeared only 
in small areas seattered in the fasciculi (Fig. 6). } 

Feulgen and Vogt’s reaction was practically negative in one-half the animals 
of this group. 

The average values of intensity of the employed methods are summarized 
in the table but, as we said before, there had been some variations of intensity 
among the animals of each group. 

The average intensity of each of the reactions in the animals of each group 
is indicated in Chart 1, in which the vertical line represents the percentage of 
animals and the horizontal line the intensity of reaction of each technique 
separately. 
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In 100 per cent of the control and asthmatic animals there was a normal 
amount of ascorbic acid, whereas in the 30 per cent of the animals shocked with 
formol there was very little. As we explained before, it was impossible to deter- 
mine whether or not vitamin C existed in the other 70 per cent of these animals. 

It was observed that the reaction with Sudan III was very prominent in 
100 per cent of the control animals, whereas this was the reaction in 50 per cent 
of the animals with experimental asthma and the reaction was of medium 
intensity in the other animals. On the other hand, none of the animals shocked 
with formol showed this same reaction with great intensity. We observed that 
in 55 per cent of them the reaction was moderate and in the other 45 per cent 
it was of very little intensity. 
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Gehulize’s reaction Was o¢ great intensity in only 25 per cent of the controls, 
against 30 per cent of the asthmatie animals and 10 per cent of those shocked 
with formol. It was moderate in 30 per cent of the control animals and in 
those shocked with formol. In 45 per cent of the control animals, in 70 per cent 
of the asthmatic animals, and in 33 per cent of those shocked with formol 
it was of little intensity. It was negative in 48 per cent of the latter animals. 

Brunswick’s reaction was of great intensity in 45 per cent of the controls, 
against 30 per cent of the asthmatic animals and 11 per cent of those shocked 
with formol. 

In 30 per cent, 40 per cent, and 22 per cent it was of moderate intensity in 
the three groups of animals, respectively. In 15 per cent of the control animals 
it was of little intensity as compared to 70 per cent of the asthmatic animals and 
48 per cent of the animals shocked with formol. In the latter, the reaction was 
of very little intensity in 11 per cent, and in the same percentage of animals 
it was negative. 

Lorrain’s reaction is similar in its variations to that of Sudan III. Feulgen 
and Vogt’s reaction was negative in only 50 per cent of the animals shocked with 
formol. 

DISCUSSION 


According to Table I, the fasciculi of the adrenal glands in the three groups 
of animals is the place where the greater variations are produced in the average 
of intensity of reactions for the lipids with the methods employed. 

When the results of the control animals are compared to those of the animals 
shocked with formol, the changes are more remarkable (Table I). 

It can be observed that in the latter the intensity of all the reactions 
decreases, especially for the total lipids (Sudan III), for the cholesterol esters 
(Schultze’s reaction), and the plasmal reaction (Feulgen and Voet). 

Instead, when we compared the asthmatie animals with the control animals 
we found only a moderate decrease in the average value of intensity of the total 
lipids. In turn, the intensity of reaction in the glands of these animals is much 
greater than the intensity obtained in the guinea pigs shocked with formol. 

However, if we consider the number of animals in percentages we have the 
average of the animals that have more intensity of reaction with the six methods 
that we followed in each of the three groups. 

So, the reaction for 100 per cent of the control animals is of great intensity 
for the total lipids, against 50 per cent of the asthmatic animals and the 10 
per cent of the animals shocked with formol. It is also interesting to notice 
that in 70 per cent of the asthmatic animals the reaction is of little intensity 
for cholesterol and its esters, against only 45 per cent of the control animals and 
45 per cent of those shocked with formol. The latter show even less intensity, 
that is to say, very little intensity (Chart 1). 

Something similar happens with the free cholesterol, where only 15 per cent 
of the control animals have little intensity, whereas 30 per cent of the asthmatie 
animals had the same results. The guinea pigs shocked with formol comprised 
the group that had low intensity of reaction (48 per cent). 
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The intensity of reaction for vitamin C did not show any variation in the 
control or in the asthmatic animals, even in the case of guinea pigs with decrease 
of intensity for the lipid reactions. 

On the other hand, in the three animals shocked with formol that were 
sacrificed, vitamin C was very reduced and with a characteristic distribution 
that, according to Deane and Morse,® exists in rats with intense and prolonged 
stress. 

It is even more remarkable that the slight intensity of reaction for the 
lipids showed in the asthmatic animals, especially in those that suffered more 
intense attacks of asthma during more days (as many as eight consecutive days), 

This decrease of the total lipids and of cholesterol and its esters would 
suggest a discharge or a decrease of the cortical steroids, because of a more 
intense glandular activity or because of a beginning of exhaustion due to the 
stress effect of the repeated attacks of asthma. 

In fact, in the fasciculi of normal guinea pigs there is a fair amount of 
vitamin C, as well as great amounts of total lipids and cholesterol and its esters 
which are made evident because of the great intensity of Sudan III, Brunswick’s, 
and Schultze’s reactions (Table I, Figs. 1 and 2). 

This already has been observed in normal guinea pigs by Stepto, Pirani, 
Consolazio, and Bell,’* and by Vasconcelos Frazao."* 

However, when these animals are treated with formol, which is a very 
powertul stress agent, after some time the negative image of the lipids disappears 
with hematoxylin and eosin, due to a loss of the glandular lipids.® As Eisen- 
stein and Shank’ said, the same happens when the deficiency of vitamin C 
acts as a nonspecific stress agent on these animals. In such circumstances, the 
intensity of Sudan III, Brunswick, and Schultze’s reactions decreases because 
of the decrease of the cortical steroids,'* as well as the amount of vitamin C.° 

This decrease of the lipids took place in the guinea pigs shocked with formol 
(Table I, Figs. 5 and 6, Chart 1), especially in those guinea pigs that died 
spontaneously after several injections. Nearly the same thing, but with less 
intensity, happened in the asthmatie animals (Table I, Figs. 3 and 4), espe- 
cially in those that had more intense attacks of asthma. This would suggest 
that the adrenal glands of these animals may be more active or at the beginning 
ot exhaustion.® 

Although the intensity of reaction for the lipids was reduced in the animals 
with experimental asthma, this was not so for vitamin C. In the animals 
shocked with formol and sacrificed after eight injections, however, a decrease 
in the reactions was obtained. It might be supposed, according to Deane and 
Morse® and Greep and Deane,'® that the decrease of the lipids without the 
correlative decrease of vitamin C indicates an active secretion of the cortical 
steroids. This means that these animals would be in the resistance periods, 
whereas the decrease of lipids together with the decrease of ascorbic acid would 
indicate®** the incapacity of the adrenals to synthesize the cortical hormones, 
since Sayers, Sayers, Liang, and Long" state that the changes of cholesterol 
and vitamin © of the adrenal glands are associated with the formation and 
liberation of the cortical hormones. 
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These animals shocked with formol might be, then, at the beginning of the 
exhaustion period. To make it clear, however, it will be necessary to study 
the modifications of intensity of all these reactions in animals subjected during 
longer periods of time to the action of attacks of asthma. 








CONCLUSIONS 







1. The reactions are of great intensity for the total lipids, the cholesterol 
and its esters, for the fatty acids, and the plasmal reaction in the most of the 
adrenal glands of normal guinea pigs. The reactions for vitamin C are of 






medium intensity. 
2. In most of the guinea pigs shocked with formol all these reactions are 






of less intensity. 

3. The intensity of reaction for the total lipids is slightly decreased in 50 
per cent of the guinea pigs with experimental asthma; the reaction for cholesterol 
and its esters decreased in 30 per cent and 70 per cent of the same animals. The 
reaction for vitamin C is not changed. 

4. The decrease of intensity in all these reactions for the lipids with the 
persistence of vitamin C suggests a greater glandular secretion due to the stress 
action of the repeated attacks of experimental asthma. 

5. To make this point more clear, however, it will be necessary to study 
4 new aminals with the same methods but to subject the animals for longer periods 
of time to the action of attacks of experimental asthma. 














SUMMARY 






With the histochemical methods for the total lipids, cholesterol and its 
esters, the fatty acids and the plasmal reaction, and vitamin C, we have studied 
their variations of intensity in the adrenal glands of forty-six guinea pigs. 

In the adrenal glands of most of the control animals all these reactions 
were of great or medium intensity, but decreased considerably in intensity in 
the adrenals of nearly all the ten guinea pigs shocked with formol. 

In the glands of 50 per cent of the ten animals with experimental asthma 
the intensity of reaction for the total lipids was slightly decreased. The reac- 
tions for cholesterol and its esters also suffered a slight decrease of intensity in 
the adrenal glands of 30 per cent and 70 per cent of this group of asthmatic 
guinea pigs. The reaction for vitamin C did not show any variation. 
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SUCCESSFUL TREATMENT OF HERPES ZOSTER OPHTHALMICUS 
WITH ANTIHISTAMINIC THERAPY 
JosEPH GLASSER, M.D., Brookiyn, N. Y. 


N A communication to the editorial department published in the April 30, 

1955, issue of the Journal of the American Medical Association, I described 
an effective and rapid treatment for the cure of oral canker sores. Briefly, the 
treatment is as follows: 10 mg. of Chlor-Trimeton malleate is injected parenter- 
ally and followed by 8 mg. of long-acting Chlor-Trimeton orally every four 
hours. This is continued for twenty-four hours after disappearance of the 
lesions. 

The same treatment was applied to eases of herpes labialis. Dramatie 
improvement was noted in each case within twenty-four hours. In one ease, 
a 35-year-old housewife was subject to frequent appearances of herpes labialis 
throughout the year. On three different occasions during the past years these 
repeated labial eruptions were treated in the described fashion. Each time the 
lesions practically disappeared within twenty-four hours, with residual crust 
formation. 

On the basis of the success obtained in the latter instanee with the inten- 
sive antihistaminie therapy described, the same treatment was applied to a 
ease of herpes zoster ophthalmicus. 


CASE REPORT 

A 46-year-old married male office clerk began feeling right-sided, lencinating, fronto- 
occipital pain and pains through the right eyeball. They appeared a week prior to the vesicular 
eruption on the forehead and right temporoparietal regions of his scalp. They were of 
sufficient intensity to interrupt the patient’s sleep each successive night. 

He appeared for examination and treatment on the day following the appearance of 
the eruption, complaining of an intense itching. Examination revealed the characteristic 
lesions of herpes zoster. They covered the described area and were abruptly delineated at 
the midline. In addition, a punctate lesion of the cornea of the right eye was noted at 
about 2 o’clock. Both lids of the affected eye were markedly edematous. 

Following a parenteral injection of 10 mg. of Chlor-Trimetone malleate, the patient 
was placed on 8 mg. of the long-acting type every four hours, orally. The response within 
twenty-four hours was as follows: The edema of both lids subsided, the punctate lesion 
of the cornea disappeared completely, and the vesicular lesion of the sealp had dried up. 
The latter were no longer visible within three days. 


Herpes zoster follows the distribution of the spinal nerves. It is also ae- 
companied by changes in the spinal fluid. Unlike herpes simplex, one attack 
is followed by lifelong immunity. Both types are of viral origin, and both 
conditions responded dramatically to the same therapy. Admittedly, this re- 
port deals with only one unusual and specific case and is by no means con- 
clusive. A plea is made, therefore, to other investigators to administer anti- 
histaminie therapy in the manner described, not only in similar cases but in 
other diseases of viral origin as well. 

nectead for publication July 5, 1955. 
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ALLERGY AND MULTIPLE SCLEROSIS 
A CRITICAL REVIEW 
SAMUEL J. Prigau, M.D., F.A.C.P.,* New York, N. Y. 





INTRODUCTION 






























ULTIPLE sclerosis continues to be a serious medical problem. Despite 

numerous investigations, no etiological agent has yet been discovered 
and not one authenticated cure has been reported.' It has been estimated 
that approximately 300,000 cases exist in the United States, as compared with 
250,000 cases of chronic poliomyelitis. In 1949 it was reported that 1,379 
deaths were due to multiple sclerosis, and yet this is from incomplete data. 
Furthermore, considering that 90 per cent of the patients who develop multiple 
sclerosis do so before the age of 45, during the most productive and fruitful 
years of life, the problem assumes special import for its socioeconomic 
implications.’ 


In the search for a specific etiological agent in multiple sclerosis, many 
causes have been implicated. These include infection (either viral’ or bae- 
terial*) ; metabolic disorders, such as disturbances in carbohydrate’ or fat® 
metabolism; psychogenic factors*; cerebral vascular disease, such as localized 
vasoconstriction or scattered thromboses of venules in association with altered 
coagulability®; sludging’®; and allergy.™ 

This article is concerned primarily with an analysis of one of the possible 
factors, allergy. It is my intent to review and evaluate experimental, patho- 
logic, and clinical data implicating allergy and possibly to indicate new 
avenues of approach in estimating the true etiological relationship, if any, 
between allergy and multiple sclerosis. 


In order to evaluate any possible etiological agent of a specific disease or 
any therapeutic measure to relieve it, it is necessary that the disease entity 
be clearly defined clinically. Here we are at once confronted with serious 
difficulty. Kurland,’* for example, is of the opinion that we may be dealing 
with two or more disease entities displaying the multiple sclerosis syndrome 
and that the disease may be etiologically different in northern and southern 
climates. 


The difficulty in clinical definition is reflected in the diagnostie difficulties. 
Although many procedures and tests have been devised for the diagnosis of 
multiple sclerosis, none has proved clinically useful.t As yet, the only way, 


Received for publication Nov. 23, 1954. 

*Associate Professor of Medicine, New York Medical College, Flower and Fifth Avenue 
Hospitals, New York City; Chief, Adult Allergy Clinic, Flower and Fifth Avenue Hospitals; 
Allergist to the Metropolitan and Bird S. Coler Hospitals, New York City. 

yA recent, as yet unconfirmed, report by Saifer, Rabiner, Oreskes, and Volk™ describes a 
diagnostic electrophoretic pattern (protein profile) observed in multiple sclerosis patients. 
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aceording to Schumacher,’ that the diagnosis of multiple sclerosis can be made 
is on the basis of (1) clinical evidence indicating widely scattered, discrete 
lesions in various parts of the central nervous system and (2) a tendency for 
alleviation or remission. Another difficulty stems from the evolutionary 
nature of the disease; it may be many years before the clinical picture indi- 
cates multiple sclerosis. 

Kurland’® indicates that only post-mortem examination is a_ reliable 
method for making the correct diagnosis. In a review of 25,000 autopsies 
which he analyzed, thirty-three had a clinical diagnosis of multiple sclerosis, 
of which twenty-three were confirmed and ten had been misdiagnosed. On 
the other hand, eleven persons were discovered at autopsy to have had multiple 
sclerosis which had not been clinically diagnosed. Nathanson™ reports that 
15 per cent of 250 patients seen in a large multiple sclerosis clinic were mis- 
diagnosed. 

Finally, any evaluation of an etiological agent or therapeutic procedure 
must also consider the observations already mentioned—that multiple sclerosis 
occurs only during a limited span of years, sparing the very young and the 
old; that the colder climates definitely increase the incidence and death rate’; 
and that it has a peculiar evolution and a tendeney for remission. 


THE STATUS OF ALLERGY IN THE ETIOLOGY OF MULTIPLE SCLEROSIS 


To incriminate allergy effectively as a cause of multiple sclerosis, certain 
criteria must be fulfilled ; these have been indicated by Cooke’®: (1) an allergic 
constitution, (2) a repetitive history of symptoms, (3) a history of unusual or 
excessive contact with an allergen, and (4) positive skin reactions which, if 
not specific as in other atopic diseases, at least indicate the allergic constitu- 
tion of the patient. To these four, the reviewer believes, should be added a 
fifth, usually included in Cooke’s postulates: that elimination of a suspected 
allergen, if extrinsic, should relieve the symptoms, and that deliberate reintro- 
duction of the suspected antigen should reproduce them. 

Although this latter criterion is of marked value in clinical allergy (and, 
in the case of certain food and drug reactions, is the only way of establishing 
relationship between an allergen and disease), it may not hold in a disease 
entity in which allergy is not the sole factor but is associated with one or more 
agents acting simultaneously, or in which the allergen is intrinsic and cannot 
be eradicated. Were this fifth criterion to be demonstrated conclusively in 
multiple sclerosis (and this has not oceurred under controlled conditions), the 
ease for an allergic role would be markedly enhanced and the search for 
specific allergens thereby intensified. It is significant that, with all the years 
of observation of patients by competent investigators, no report has completely 
fulfilled these criteria. 


1. Is There an “Allergic Constitution” Among Patients With Multiple 
Sclerosis?—Approximately 10 per cent of the general population suffers from 
recognized allergic diseases. On the other hand, data on the incidence of 
multiple sclerosis in allergic patients are meager. In my experience during 
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twenty years of allergy practice, including attendance at several large clinics, 
I have encountered only one patient with multiple sclerosis who also had hay 
fever. If allergy, as we commonly use the term, were a substantial etiological 
factor, the allergist should see a greater number of such cases. The literature 
reflects, both quantitatively and qualitatively, the rarity of the clinical evi- 
dences of allergy’s relationship to multiple sclerosis, despite excellent experi- 
mental studies implicating allergy. Studies of the association of known 
allergic disease with multiple sclerosis are discussed further in Part III. 


2. Repetitive History—Here a certain superficial parallelism between 
allergic diseases and multiple sclerosis can be shown, since one of the chief 
characteristics of multiple sclerosis is its periods of exacerbation and re- 
mission. However, it remains to be demonstrated that these exacerbations are 
due to exposure to specific allergens and the periods of remission due to lack 
of contact with such allergens. Furthermore, although multiple sclerosis and 
allergic disease are both characteristically periodic, the two disorders differ 
sharply in their patterns of attack. The periodicity of allergic disease is 
largely predictable, particularly when the allergen is known and extrinsic. 
Neither the onset of symptoms nor the occurrences of remissions and exacerba- 
tions are predictable in multiple sclerosis, however. In addition, while most 
allergic disorders are completely reversible, leaving no pathologic residues, 
the characteristic pathologie lesion of multiple sclerosis (scarring of the brain 
tissue) appears to be irreversible. 


Thus, the analogy is not complete, even if it be argued that the parallelism 
between multiple sclerosis and allergy need not necessarily apply to the so- 
called atopic diseases (in which heredity and positive skin reactions are 
dominant factors), but rather to the collagen disorders. 


3. History of Unusually Excessive Contacts With an Allergen.—As a pre- 
cipitating factor, this is not substantiated by any of the observers who have 
studied multiple sclerosis from the point of view of allergy. 


4. Positive Skin Reaction.—Jonez’’ makes no statistical analysis of the re- 
sults of skin tests performed using such allergens as foods, inhalants, pollens, 
and molds. Ehrentheil, Shulman, and Alexander,'® who offer the most data 
on allergy testing but use the conjunctival test rather than the skin test, con- 
sider positive reactions to be evidence of specific sensitivity rather than in- 
dicators of the hypersensitive state, as implied by Cooke.*¢ (They do not 
necessarily imply that every positive reaction is of clinical importance.) Skin 
testing, therefore, has not been correlated with multiple sclerosis. 





5. Manipulation of the Allergen—The fifth criterion (namely, the deliberate 
clinical induction of signs of multiple sclerosis by or with the aid of a specific 
allergen) also has never been truly demonstrated. Ehrentheil and his co- 
workers’ have made this attempt in twelve patients, eliminating and then 
deliberately introducing specific foods (based upon allergy tests), hoping there- 
by to optain induced remissions and exacerbations. This, it is recognized, is 
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a difficult procedure in a disease characterized by spontaneous remissions and 
exacerbations. The evidence, although strongly suggestive in some patients, 
was not conclusive for the group. 

Despite the foregoing negative evidence, however, there is a basis for 
considering allergy as a mechanism for the induction of multiple sclerosis. 
The available data come from the experimental, pathologic, and clinical studies 
which are presented in this article. 


I. EXPERIMENTAL EVIDENCE* 


The experimental lesion most closely resembling multiple sclerosis is that 
-encountered in experimental encephalomyelitis (iso-allergic). This is a dis- 
order which produces widespread demyelinating lesions in the central nervous 
system. Accordingly, many studies of this phenomenon have been made in 
order to shed light upon the possible etiology of multiple sclerosis. 

Several approaches have been used. Most of the studies have been con- 
cerned with attempts to induce brain damage through injection of nervous 
tissue. Serologic studies have also been made in a seareh for a possible 
immune mechanism. Other research has dealt with infection, metabolic dis- 
order, and circulatory impairment. 

Von Pirquet,** in 1907, shortly after he had introduced the concept (and 
the term) of allergy, indicated that an allergic mechanism was probably in- 
volved in the production of the papule and areola and in the accelerated re- 
action following revaccination with vaccine virus. It was logical, therefore, 
for Glanzmann, in 1927,?° to implicate allergy in the postvaceinal encephalitis 
then relatively common. Stuart and Krikorian*® extended this concept to in- 
clude the encephalitis occasionally seen following antirabie treatment, and 
Finley?’ later endorsed it. A series of experimental studies was undertaken, 
beginning in 1932 with the observation by Hurst** of paralysis without obvious 
pathologie findings in the brains of four of forty-three rabbits injected with 
normal brain tissue.*° During the following years, Rivers and his associates*® *° 
did a series of studies with monkeys in which prolonged injections with heterolo- 
gous brain emulsion produced neurologic signs and symptoms owing to marked 
brain damage. This work was confirmed in 1940 by Ferraro and Jervis,” 
who also produced encephalomyelitis in monkeys with injections of heterologous 
(rabbit) brain over long periods of time. The pathologie findings, although 
not exactly typical of multiple sclerosis, resembled it. Freund and MeDermott* 
subsequently (in 1942) introduced the use of adjuvants to enhance antibody 
production and, with this new tool in the hands of the researcher, a series of 
animal experiments was performed in which encephalomyelitis could be in- 
duced inexpensively by an exceedingly rapid method. Thus, in 1946 Morgan,** *4 
as well as Kabat, Wolf, and Bezer,**-** independently observed that homologous 
brain combined with Freund’s adjuvants could be injected into monkeys, with 
demyelination following two or three injections. The histologic picture was not 
that noted by Rivers and associates?’ and by Ferraro and Jervis*! in which giant 


__*Hurst® has written an excellent and detailed review of experimental demyelination to 
which the reader is referred. Only a limited review is presented here. 
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cells were seen, but was, rather, that of a more acute process. Kabat, Wolf, and 
Bezer*® were successful with a single injection and noted that both homologous 
and heterologous brain tissues were effective. Ferraro and Cazzullo** indicated 
that by modifying the dosage of a specific antigen (using smaller amounts) 4 
picture more suggestive of the chronic condition could be produced. It was 
soon revealed that this phenomenon could be produced in the guinea pig, rabbit, 
mouse, and dog. 

Although the rat was refractory, Lipton and Freund*® later succeeded jn 
producing encephalomyelitis by intradermal inoculation of brain emulsion plus 
adjuvants. Certain strains of both the dog and the mouse were noted to be 
particularly susceptible; others were more resistant.** Olitsky and Yager‘ 
were successful in inducing experimental encephalomyelitis in mice. Experi- 
ments with brain emulsions from different animals indicated that, with the ex. 
ception of the immature cerebrum of neonatal or fetal origin, brains of guinea 
pig, rabbit, man, goat, cow, and pig could produce encephalomyelitis. Extracts 
of frog or fish brain were ineffectual.*7 Lumsden*! further showed, in 1949, 
that emulsions of homologous, peripheral nerve could produce the same phe- 
nomenon as emulsion of brain tissue.* With the exception of organ emulsion, 
as reported by Kopeloff and Kopeloff,*? encephalomyelitis could not be pro- 
duced by investigators using emulsions of any other tissue (for example, muscle, 
liver, spleen, or lung, heterologous or homologous). 

The pathologic findings in experimental encephalomyelitis varied somewhat 
from animal to animal, and were affected by the amount of antigen injected, the 
number of injections given, and whether or not an adjuvant was used. Subse- 
quently, Freund, Lipton, and Morrison*® showed that changing the Mycobac- 
terium butyricum in the adjuvant from one grown in glycerin to one not grown 
in glyerin modified the type of response and produced a chronic encephalo- 
myelitis which more closely resembled multiple sclerosis. 

In the earlier experiments, the induction of encephalomyelitis by injection 
of nervous tissue with and without adjuvants had been inconstant. With the 
technique subsequently developed by Lipton and Freund** and by Freund and 
his co-workers**—selection of the Hartley strain of guinea pigs and a single 
intradermal injection of the emulsion of brain and adjuvant—all the animals 
developed iso-allergic encephalomyelitis. Lee and Olitsky,*® utilizing pertussis 
vaccine as an additional adjuvant, have markedly enhanced the experimental 
production of encephalomyelitis in mice. 


The production of acute disseminated encephalomyelitis by injection of 
brain emulsion immediately raises the question of whether or not a form of 
autosensitivity may be involved. This was clearly answered by Kabat, Wolf, 
and Bezer,‘* who induced the phenomenon by injection of monkeys with 
emulsions from portions of the recipient’s own brain previously removed by 
operation, along with the adjuvants. 


*Kabat. in a personal communication, states that he and other investigators have failed 
to confirm Lumsden’s observation. 
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The general conclusion was that the mechanism which most probably 
accounted for the experimental production of encephalomyelitis was an anti- 
gen-antibody reaction. According to Kabat, Wolf, and Bezer,*® antibodies 
produced by the injected brain tissue passed into the circulation and across 
the blood brain barrier to react with antigen in the central nervous system, 
thus producing perivascular lesions resembling those seen in multiple sclerosis. 
The search for a specific antigen disclosed that this was organ (rather than 
species) specific, that it was most abundant in the white matter of the brain, 
and that it was not present in fetal and neonatal cerebrum. Experiments with 
a variety of fractions obtained from extracts of brain tissue revealed that the 
proteolipide (a new type of lipoprotein discovered by Folch and Lees in 1951) 
comprised the encephalitogenic activity of brain.*? This has been confirmed by 
Waksman and his associates*** and by others. 

Further immunologic studies have provided another approach to the 
problem. Bailey and Gardner*® subjected rabbits to prolonged immunization 
with a heat-killed vaccine of Pasteurella boviseptica grown in an infusion broth 
prepared from rat brain. The resultant antiserum contained antibodies 
against both the bacteria and the brain broth. Guinea pigs passively sensitized 
with this serum were shocked anaphylactically by a challenging dose of broth 
of brain or emulsified medullated nerve given intravenously. No other ex- 
tracts of organs duplicated this phenomenon. This study showed not only 
that brain tissue can be antigenic, but that the resultant antibodies can be 
passively transferred. 

The possibility that an immune mechanism was involved arose also from 
the previous observations of Rivers and Schwentker,®° of Brandt, Guth, and 
Muller,*t and of Witebsky and Steinfeld,®? all of whom had indicated that 
antibodies against brain tissue could be produced by injections of heterologous 
brain tissue. Schwentker and Rivers** had also reported the presence of such 
antibodies with the use of homologous brain tissue. Their work antedated the 
use of Freund’s adjuvants,*? and antibodies were produced more readily when 
the brain tissue was combined with pig serum, given with vaccine virus, or 
after the brain had undergone autolysis. The suggestion was made, therefore, 
that in postinfectious encephalomyelitidies, autogenous antigens, capable of 
formation of brain antibodies, were liberated and the antigen-antibody union 
produced further brain damage, that is, demyelination.** 

Comment on similar investigative work with the kidney is appropriate 
here. Masugi,®* in 1934 (later confirmed by Smadel**), produced glomerulo- 
nephritis in rats by injecting them with antikidney serum obtained by in- 
jection of rabbits with kidney emulsion of the rat. It was concluded that 
specific tissue sensitivity of the kidney was responsible for the glomerulone- 
phritis. Sehick®® had postulated in 1907, on purely clinical grounds, that 
nephritis resulted from an antigen-antibody mechanism; this was indirectly 
confirmed by Masugi®t and Smadel.®® Direct confirmation came from Cavelti 
and Cavelti,>* who produced a form of glomerulonephritis in rabbits by in- 
jection of homologous kidney extracts inoculated with hemolytic streptococci. 
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This awaits confirmation. Lange and his co-workers®* have further developed 
this concept by the clinical application of a complement fixation test ag an 
expression of autosensitivity. 

The Burky phenomenon is another suggestive observation of autosensi- 
tivity. In the rabbit, Burky®® succeeded in inducing sensitivity to its own 
muscle and lens tissues by the simultaneous injection of tissue and staphylo- 
coccus toxin. Swift and Schultz® * confirmed Burky’s results and also were 
able to produce identical sensitivity by modifying Burky’s procedure, either 
by previously sensitizing to horse serum or by inducing infection with a 
streptococcus organism. 

In view of such demonstrations of autosensitivity (that is, with the kidney 
as antigen as well as the Burky phenomenon), it might be postulated that 
nervous tissue also may act as an antigen and produce an autosensitivity 
capable of producing demyelination. The possibility of such a mechanism in 
encephalomyelitis was considered by Kolb and Bolton,®? Freund, Stern, and 
Pisani,** Kopeloff and Kopeloff,*? Morgan** and Kabat, Wolf, and Bezer.* 
Their attempts, however, to produce demyelination by the injection of anti- 
serums to brain tissue were unsuccessful. What Masugi’* and Smadel® were 
able to do with kidney tissue these workers could not do with tissue of the 
brain. 

Not only were complement-fixing brain antibodies demonstrated in experi- 
mental encephalomyelitis, but further studies indicated the presence, not of 
a single antibody, but of a variety of antibodies resulting from injections of 
brain tissue.** These antibodies were not species specific, since brain tissue 
derived from many sources produced the same results. Lumsden, Kabat, Wolf, 
and Bezer,®* working with experimental encephalomyelitis, noted multiple 
complement-fixing antibodies (to brain and placental tissue) in some animals, 
but none in others, or present only as anticomplementary to one tissue. Since 
the antigen was complex, multiple antibodies were produced. Thomas, Pater- 
son, and Smithwick® not only observed the presence of complement-fixing 
antibodies, but reported the presence of flocculating antibodies which they 
equated with the complement-fixing antibodies. There is, however, no appar- 
ent relationship between the concentration of antibodies with the production 
of symptoms and pathologie lesions. Antibodies may be present without dis- 
ease, or disease without antibodies. It has been suggested, therefore, that the 
presence of antibody may be only coincidental to the disease and unrelated to 
its pathologic manifestations.2?. This view does not seem compatible with a 
more positive role for an antigen-antibody mechanism in view of the remark- 
able role that the adjuvants play in experimental encephalomyelitis. Since 
the use of adjuvants in less complex studies enhances antibody production 
remarkably, the same mechanism is presumably applied here. Indeed, a logi- 
eal explanation for the mechanism of experimental encephalomyelitis is that 
of an antigen-antibody reaction. 

In addition to the circulation of antibodies against brain tissue previously 
demonstrated, several investigators, including Lipton and Freund** and Kope- 
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loff and Kopeloff,*? demonstrated the presence of tissue-sensitizing antibodies 


by skin testing. These positive skin reactions, however, were produced only 


with heterologous brain and were not clearly correlated with the production 
of nervous disease. Waksman and Morrison,"* however, later induced tubereu- 
lin-like skin reactions (delayed type) which were said to correspond in degree 
and time to the production of encephalomyelitis. 

Where antibody production was demonstrable, unsuccessful attempts were 
made to produce the disease in the untreated animal by means of passive 
transference. This included the passive transfer not only of serum but also 
of peritoneal exudates and spleen or lymph node washings* as originally 
described by Chase’ in the passive transfer of tuberculin sensitivity. Kabat 
and his associates** explain this failure of passive transference by assuming 
a continuous fixation of antibody by the antigen present in the nervous tissue 
of the donor. 

Ferraro, Roizin, and Cazzullo,"* utilizing this principle of the fixation of 
antibody, reduced the morbidity and mortality of encephalomyelitis by inject- 
ing brain emulsion without adjuvant simultaneously with an injection of brain 
emulsion combined with adjuvant. Their explanation was that antibody pro- 
duced by means of the adjuvant presumably was neutralized by the antigen 
without the adjuvant. Freund,’ however, observed that antigens injected 
without the complete adjuvants result in a hyperimmune response; with the 
complete adjuvants, the response is hyperergic. His explanation is that some 
subtle, unexplained, qualitative change is brought about by use of the com- 
plete adjuvant. This theory is discounted by Fischel, Kabat, Stoerk, and 
Bezer,’° who regard the differences as only quantitative; that is, the adjuvant 
merely provides a localized inflammatory area which enhances the production 
of the same antibodies as those obtained by injection of the antigen without 
adjuvants. The assumption of Ferraro and his associates,®* that injection of 
brain emulsion merely introduces antigen, is therefore not adequate, since 
the condition is not static and antibody can be produced even without adju- 
vants. Are two types of antibodies produced (one immune and one hyper- 
ergic), and do they interfere with each other? It is acknowledged that pro- 
longed use of brain tissue can also produce a hyperergie state.?°-*! 

Further evidence of an antigen-antibody mechanism in experimental 
encephalomyelitis is seen in the prevention of this phenomenon by the use of 
sodium salicylate’ and ACTH, presumably by interference with an allergic 
reaction. Kabat, Wolf, and Bezer* believe that cortisone inhibits antibody 
formation by inhibiting tissue reaction to the adjuvant (including tubercle 
bacilli7?) but that, once antibody is formed, it does not affect the subsequent 
reactions with brain antigen. This accounts for the equivoeal clinical results 
of cortisone and ACTH as reported by Glaser and Merritt.’ Garcia-Reyes and 
co-workers,” in Thorn’s laboratory, observed no impairment of the hypo- 
thalamus-pituitary-adrenal cortex function in multiple sclerosis, 

It is possible for the brain to react through a variety of allergic mecha- 
nisms. Thus, Davidoff and Kopeloff** and Davidoff, Seegal, and Seegal™ pro- 
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duced sensitivity in the brain by initially sensitizing animals with horse 
serum and subsequently injecting horse serum intracerebrally to elicit an 
Arthus reaction in the brain. 

The pathologie pattern of the acute Arthus phenomenon in the brain, 
while not that typically produced in experimental encephalomyelitis, jg 
nevertheless closer histologically to it than to multiple sclerosis. Repeated in- 
jections of specific antigen (egg or horse serum) into the sensitized monkey 
brain produced some lesions which took the form of demyelination and 
exhibited giant cells and other features similar to those following multiple 
injections of brain suspensions. The investigators, Jervis, Ferraro, Kopeloff, 
and Kopeloff,’* concluded that these changes were due to the action of brain- 
specific antibodies which were formed in response to a complex antigen com- 
posed of foreign protein united to a hapten derived from the myelin damaged 
by repeated intracerebral inoculations. This explanation of the changes pro- 
duced by the Arthus reaction in the brain is thus brought somewhat closer to 
the observations which follow the use of adjuvants and emulsions. Further 
substantiation comes from Koprowski and Jervis,”® who found that guinea pigs 
which were treated with heterologous brain emulsion and adjuvants and 
failed to develop encephalomyelitis reacted violently to intracerebral injections 
of a suspension of heterologous brain. Those which succumbed quickly re- 
vealed a typical Arthus phenomenon with hemorrhage and necrosis; those 
which survived over a long period of time showed areas of demyelination 


which were noted not only at the site of injection, but scattered throughout 
the central nervous system. 


The possibility of still another antibody mechanism capable of producing 
encephalomyelitis has been reported by Jervis,®°° who utilized the ‘‘carotid 
syndrome”’ of Forssman. The tissues of the guinea pig normally contain the 
Forssman antigen. If a serum containing Forssman antibodies is slowly in- 
jected centripetally into a carotid artery, an antigen-antibody reaction is in- 
duced in the brain tissue, producing areas of demyelination. Injected intra- 
cerebrally, the same serum produces changes characteristic of the Arthus 
phenomenon. Thus, a variety of antigens, in addition to brain tissue, is 
capable of producing brain reaction resulting in either the acute hemorrhagic 
necrosis of the Arthus phenomenon in some properly sensitized animals or 
demyelination in others. 

Evidence has also accumulated to indicate that antigen-antibody mecha- 
nisms are not alone in the ability to produce demyelination. For example, 
enzymes, toxie agents, and production of cerebral anoxia have been implicated 
by various investigators. Thus, Vogel*! ** produced demyelination in animals 
by injecting a large dose of a lipolytic enzyme. Whether the results were 
achieved through enzymatic action may be questioned. Since rather large 
doses of the enzyme were injected, primary toxicity alone can explain the 
demyelination. Morrison and Zameenik** showed that myelin sheaths could 
be broken down by several different types of enzymes, such as cobra venom 
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or the alpha toxin of Clostridium welchti. They indicated that the chemical 
reactions involved differed and that demyelination was therefore not a single, 
chemical process. 

It also has been shown that any agent producing anoxia, such as potassium 
eyanide, as demonstrated by Ferraro,’ can induce lesions resembling multiple 
sclerosis and that these lesions can be modified by altering the dosage of the 
agent. Likewise, Hurst** showed that sodium azide could produce a similar 
response. Morrison‘? produced demyelination by deliberately subjecting his 
experimental animals to an atmosphere poor in oxygen. Here no antigen-anti- 
body mechanism could possibly be involved. There is also evidence that, at 
times, poisoning with carbon monoxide, nitrous oxide, and barbiturates ean 
produce similar lesions.** 

Alteration of the circulation, another way of producing cerebral anoxia, 
has been used by Putnam® in the experimental production of demyelination. 
It is his contention that venule thromboses are responsible for the characteristic 


picture of multiple sclerosis. 

Although most authorities believe that viruses produce encephalomyelitis 
through an allergic mechanism, Hurst?* suggests that the distemper seen in 
dogs is specifically due to the neurotropic action of the virus, since inclusion 
bodies could be demonstrated. Furthermore, preparations of diseased brain, 
when injected into healthy animals, reproduced symptoms. Here, then, is 


another distinct mechanism for the production of demyelination. 

It is evident, therefore, that demyelination may be a response of nervous 
tissue to many noxious agents, including infection, disordered metabolism 
(potassium cyanide, sodium azide, ete.), impaired circulation of the brain, and 
allergy. To summarize the role of allergy in this process, Hurst?* may aptly 
be quoted: ‘‘Thus although the postulated antigen and antibody have not 
finally been identified and the detailed mechanism by which the nervous 
lesions are produced awaits discovery, a good deal of circumstantial evidence 
favors the view that the encephalomyelitis following injections of brain tis- 
sue is the expression of an allergic reaction.’’ 

Assuming the validity of Hurst’s statement, we then ask how this applies 
clinically to multiple sclerosis. Granted that an animal’s brain can be sensi- 
tized and, as a result of an antigen-antibody reaction, can produce lesions re- 
sembling those of multiple sclerosis, must we assume an exclusive allergic 
mechanism in man when it has been demonstrated that nonallergic mechanisms 
(infective, anoxic, enzymatic) also may produce demyelination in animals? 
If what we produce experimentally in animals casts light on a like mechanism 
in the human being, then we must accept the possibility that demyelination in 
the latter can also be a nonspecific tissue response to many noxious agents, 
including allergy. Multiple sclerosis, therefore, may be a syndrome (as sug- 
gested by Kurland’), rather than a specifie disease entity, and demyelination 
only one of the signs, the extent of which (or even its presence) may vary 


from ease to ease. 








180 THE JOURNAL OF ALLERGY 


Pursuing further the possible role that allergy may play in multiple 
sclerosis, which is strongly suggested by the experiments cited, the question 
arises: ‘‘Allergic to what?’’? Shall we look for specific brain sensitivity, 
either homologous or heterologous? How shall we test for such sensitivity? 
Skin testing with brain antigen may not be of help, since only a few investiga- 
tors have demonstrated skin-sensitizing antibodies in the experimental animal, 
and since no specific correlation has been shown between the presence of anti- 
bodies (skin-sensitizing, complement-fixing, or flocculating) and encephalo- 
myelitis induced in animals. 

Can we test by serologic methods for hypersensitivity to nervous tissue 
in multiple sclerosis? Studies by Sachs and Steiner*® were suggestive but 
not completely affirmative. Those by Kolb‘? in a small series were completely 
negative. These findings were not surprising since, in the experimental ani- 
mal,** the presence of complement-fixing antibodies was not correlated with 
the presence of encephalomyelitis. Further advances in this field may re- 
sult from identification of a purified antigen, so that the precise antibody 
sought for can be detected. In this connection, the finding of encephalitogenic 
proteolipide*® *** points to a more hopeful goal. 


II, PATHOLOGIC EVIDENCE 


If multiple sclerosis is an allergic disease, does the pathologie examina- 
tion support this concept? The answer to this question must be preceded by 
an analysis of the pathology of allergy which can then be compared with the 
pathologic changes encountered in both human and experimentally induced 
demyelination. 

To begin with, there is no agreement as to specific pathologie changes 
induced by allergic disease. The usual allergic disorder leaves no residue for 
the pathologist to examine. The process, in most instances, is highly kinetic 
and reversible. It is the unusual allergic reaction which is irreversible and 
associated with demonstrable pathologic changes. In the past, the lesions of 
allergy were associated with an inflammatory response, resulting in fibrinoid 
degeneration in which eosinophils were conspicuous and considered diagnostic ; 
the plasma cell was subsequently implicated along with the eosinophil. Cur- 
rent opinion, however, holds the view that an allergic response may take any 
of several forms. Allergy may be reflected pathologically by hyperemia and 
edema (usually reversible); by an acute inflammatory response frequently 
associated with necrosis (the Arthus phenomenon) ; by vascular damage and 
fibrinoid degeneration, as seen in periarteritis nodosa and other collagen dis- 
eases; by purpuric reactions; and possibly by eosinophilic granulomatosis. 
Which of these entities, then, may be implicated in multiple sclerosis? 

The demyelinating diseases may be compared, in a way, with the collagen 
diseases. Although each of the collagen diseases, when classic, is distinet and 
differs from the others, there is enough overlapping in some cases to make 
specific diagnosis difficult and to show the elose relationship that exists among 
them. Likewise, Adams and Kubik,** in an excellent review of the pathology 
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of the demyelinating diseases, indicated the obvious differences between classic 
multiple sclerosis, acute disseminated encephalomyelitis, Schilder’s disease, 
and acute necrotizing hemorrhagie encephalopathy, yet noted sufficient over- 
lapping to link them. Indeed, Ferraro™ and others hold that these diseases 
are all variants of a single pathologie affection.” 

The pathologic findings in multiple sclerosis are not statie but vary with 
the duration and severity of the disease, whether acute or chronie.*? Thus, 
there is more perivascular infiltration in the acute form and more searring 
and involvement of the axis cylinders in the chronic. Further, some eases of 
multiple sclerosis show findings suggestive of acute disseminated encephalo- 
myelitis. This is of particular importance since the allergic theory is strongly 
supported by the evidence based on the experimental production of encephalo- 
myelitis, presumably by an allergic mechanism. 

The reports on pathologic findings from the various workers who pro- 
duced experimental encephalomyelitis probably differed because of the dif- 
ferences in technique employed. Freund, Lipton, and Morrison,** for example, 
observed that incorporation in the adjuvant of an organism (Mycobacterium 
butyricum) not grown in elyeerin (one would think a relatively slight modifica- 
tion) produced remarkable differences in the pathologie picture; the resulting, 
more chronic condition more closely resembled multiple sclerosis. The same 
effect was produced by Ferraro and Cazzullo** by reduction of the dosage of 
antigen. The pathologie findings produced originally by Rivers and _ his 
associates?” *° resembled those of Schilder’s disease. Morgan and her eo- 
workers** ** and Kabat and his group,**-** on the other hand, produced patho- 
logie changes closer to those of acute disseminated encephalomyelitis.°° In 
the more acute allergic type of reaction, as seen in the induction of the Arthus 
phenomenon in sensitized nervous tissue, hemorrhagic edema and necrosis are 
dominant in the pathologie picture, while demyelination is minor. Thus, 
experimentally produced pathologie reactions overlap in a manner similar to 
that noted in man by Adams and Kubik.** 

In considering the possible etiological agents capable of producing de- 
myelination, Adams and Kubik* indicate that the pathologie findings eliminate 
infection, disordered metabolism, and thrombosis. They state: ‘‘The most 
common cause of perivascular infiltration is infection, but the other pathologic 
findings do not resemble those of any known infectious disease. Allergy is 
another recognized cause. In both infectious and allergie diseases, lympho- 
cytes, plasma cells and histiocytes are believed to play a role in the formation 
of antibodies. ... It may be stated that the morbid anatomy of the demyelina- 
tive diseases favors the allergic theory.”’ 

The pathologist and immunologist appear to agree, therefore, that allergy 
may be important in the production of demyelinating diseases, including mul- 


tiple sclerosis. Now, what has the clinician to offer? 
II. CLINICAL EVIDENCE 


In sharp contrast to the numerous excellent experimental studies con- 
cerning cerebral allergy, clinical reports, particularly on the relationship of 
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allergy to multiple sclerosis, have been few. This is surprising, indeed. 
since as early as 1936 Kennedy* had implied such a relationship. Although 
he enthusiastically endorsed a relationship between allergy and diseases of 
the central nervous system, writing about it extensively,®® °? he was care. 
ful to point out that it is easy to throw into the category of allergy any 
disease entity which defies diagnosis. He stated®*: ‘‘Many allergic encephalop. 
athies are constantly being diagnosed as multiple sclerosis. However, 
encephalopathies and sclerose en plaque are like two baskets flung over the hack 
of an ass owned by a lazy man. Into them every trouble maker is thrust, 
disposed of and hidden away.’’ The implication is that there are many truly 
allergie conditions of the brain, particularly retrobulbar neuritis, which have, 
understandably, been mistaken for multiple sclerosis, since multiple sclerosis 
frequently begins with disturbances which cannot be differentiated from retro- 
bulbar neuritis, per se. But, as Kennedy points out, one can have recurrent 
retrobulbar neuritis on an allergic basis over many years without the mani- 
festation of multiple sclerosis. He has implicated allergy primarily because 
of ‘‘the periods of remissions and the remarkable reversibility of the acute 
crisis, the attack on the optic nerve, and the neglect of sensory pathways: all 
of these much resemble the phenomena produced by localized allergic edema 
which has come to attack the central nervous system.’”* This, of course, 
refers to the superficial parallelism discussed earlier. But if we apply such 
reasoning to the acute phase, which might resemble allergic edema, does the 
same parallelism extend to chronic forms of multiple sclerosis? It is possible, 
of course, for the acute phenomenon to be on an allergic basis and the chronic 
symptoms and signs to be due to damage to the nervous system resulting from 
such an allergic reaction. This was proposed by Jonez,'* ** ®* who considered 
the underlying mechanism to be urticarial in nature. 


Kennedy notes that in the rare cases of acute multiple sclerosis seen at 


|, 


autopsy, the pathologie finding is one of perivascular infiltration. hese 
fluid areas are usually well absorbed coinciding, no doubt, with improvement 
of symptoms. Only later do some of these edematous sites become sclerotic 
like the sear tissue of an old wound.’’ It should be stated, however, that 
evidence would indicate that many kinds of inflammatory reactions in the 
brain ultimately lead to the kind of phenomena observed in multiple sclerosis, 
namely, perivascular infiltration and demyelinization. No one will disagree 
with Kennedy when he implies that, clinically, the central nervous system ean 
react on an allergic basis. His observations on paralysis resulting from 
allergy to horse serum are classical. But he was never able to demonstrate a 
typical case of multiple sclerosis which could be specifically labeled as due to 
allergy. Cooke,®°° who collaborated with Kennedy for many years, does not, 
in his text, report any case of multiple sclerosis as specifically due to allergy. 
(Indeed, none of the recent texts on allergy mentions multiple sclerosis.) 

Davison,** in a comprehensive review of allergy of the nervous system, 
lists but two references suggesting a possible relationship between allergy and 
multiple sclerosis. He reports no case of his own, 





PRIGAL: ALLERGY AND MULTIPLE SCLEROSIS 183 


One of the earliest clinical investigations of the possible role of allergy in 
multiple sclerosis was conducted by Baer and Sulzberger.*° They studied 


forty institutionalized patients under the care of neurologists, thereby reducing 


doubt as to the correctness of the diagnosis. These patients were scratch- 
tested with approximately 100 allergens (foods, inhalants, pollens, ete.), and 
eareful histories of thirty patients were obtained. The authors coneluded that 
33 per cent of the patients presented evidence of personal or familial atopic 
disease or positive wheal reactions to skin tests, or both. This was not a 
higher incidence of atopy than that seen in normal persons investigated by 
others in a similar fashion.*”® Baer and Sulzberger®® suggested that a non- 
atopic type of allergy might conceivably be implicated. An interesting aspect 
of this study was the attempt to demonstrate antibodies in the spinal fluid of 
one patient with marked skin reactions by the use of the passive transfer 
technique of Prausnitz and Kustner.'° Although no reagins comparable to 
those obtained from the serum of the patient were demonstrable, very weak 
positive reactions were obtained only within twenty-four hours after inocula- 
tion of fresh spinal fluid. This was suggestive of a very unstable antibody. 

Jonez'*? was possibly the most enthusiastie of the investigators who impli- 
eated allergy as an etiological factor in multiple sclerosis. He stated: ‘‘The 
allergic theory is based on edema. The pathologie change is one of edema or 
urticarial wheals scattered throughout the entire central nervous system at 
various times. The skin and central nervous system have the same origin— 
ectoderm. It is therefore reasonable to assume that the central nervous sys- 
tem is subject to the same type of reaction.’’ Presumably, these urticarial 
wheals create internal pressures upon nervous tissue, causing its destruction, 
since the reaction occurs within an enclosed bony cavity and no expansion is 
possible. 

It should also be pointed out that urticaria of the viscera, including the 
central nervous system, has usually been associated with urticaria of a gener- 
alized nature, involving the cutis and subeutis. No such association between 
generalized urticaria and multiple sclerosis has been reported by any observer. 
Urticaria may rarely be limited to a single wheal, but it is usually generalized 
rather than localized and evanescent rather than persistent to the point of 
‘ausing pressure necrosis. The edema theory suffers also from the fact that, 
even during an acute attack of multiple sclerosis, examination of neither the 
eyegrounds nor the spinal fluid has been suggestive of increased intracranial 
pressure. Although edema can produce compression of a nerve to the point of 
paralysis, it ean do so only within the confines of the narrow spaces through 
which the nerves enter or leave the skull or spinal cord. It is doubtful that 
edematous pressure within the brain ean produce multiple sclerosis in a similar 
manner, 

Jonez also advocated the theory that in multiple sclerosis the allergic 
reaction is mediated primarily through an antigen-antibody mechanism in 
which histamine is released. For this reason, he treated his patients with 
histamine.’” °° This use of histamine was originally initiated in 1944 by 
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Horton,”’ who stated, however, that this use of the drug in no way implicated 
allergy. Histamine, according to Horton, was useful for physiologic reasons 
in that it produced an increase in the cerebral circulation, sometimes as high 
as 750 per cent, but Jonez'* considered it to have a twofold funetion, pharma- 
cologie and antiallergic. Jonez is practically alone in the idea that histamine 
therapy is antiallergic therapy. If we assume the validity of the histamine 
release theory in multiple sclerosis, it should be anticipated that patients 
should show improvement with an antihistaminie agent, none of which has 
proved to be useful in the treatment of the disease.'” * These various reasons, 
then, would seem to dictate the conclusion that no histamine, and possibly no 
allergy, is involved in multiple sclerosis. 

What, actually, are the results achieved by “allergie management” and 
histamine therapy as advocated by Jonez? Two reports are available. In the 
first, in which 152 cases were reported, eighteen of the nineteen listed as acute 
responded to treatment.” If this is compared with the chart tabulating the 
results of treatment, we find that the best results were obtained in twenty-five 
subjects. It can be presumed, therefore, that only seven eases, other than the 
acute ones, showed unusually good results. This follows the general pattern, 
regardless of type of treatment; the acute cases do well even if untreated. In 
sharp contrast, a group of twenty-nine patients were listed as showing only 
slight improvement objectively, which would make it exceedingly difficult to 
indicate whether or not any type of treatment was efficacious. In addition, 
twenty-eight cases showed only subjective improvement. Thus fifty-seven pa- 
tients (approximately one-third of the total) represent eases in which improve- 
ment is doubtful or difficult to assess and vet are cited as showing some kind 
of “improvement.” If to this is added the balance of twenty patients who 
either showed no improvement, became worse, or died, the results are then not 
striking. Totaling the patients who are listed in the first three categories as 
improved, we have eighty-two patients, or approximately 50 per cent. This 
would not seem to compare favorably with the 40 to 60 per cent of patients 
who ordinarily do just as well without treatment.1°% 1° 

As a matter of fact, it is not easy to analyze Jonez’s work, since he did 
not outline criteria, as advocated by Alexander and associates,’°° for the 
measurement of improvement. In a second report,’ covering 1,500 patients 
who were treated by ‘‘allergie management’’ along with histamine, curare, 
psychotherapy, and physiotherapy, no results of treatment were recorded and, 
therefore, no positive conclusions as to the merit of the ‘‘total push’’ treat- 
ment can be drawn. Furthermore, other reports of Jonez?®* 18 confirm the 
impression that psychological support and suggestion contributed greatly. 

In the report of Horton and his co-workers”! 102 patients were treated 
intravenously with 2.75 mg. of histamine in 250 ¢.c. of isotonic sodium chloride 
given daily. A minimum of 13 and a maximum of 300 treatments per patient 
were administered. Of the twenty-four acutely ill patients, eighteen showed 
clinical improvement estimated at 40 to 70 per cent. In contrast, the 
chronically ill patients responded poorly; only thirty-six of seventy-eight 
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showed improvement ranging from 20 to 95 per cent. No objective improve- 
ment was seen in forty-two patients, although they were subjectively improved. 
A more thorough investigation of the possible role of food allergy in 
sixty-five cases of multiple sclerosis is that of Ehrentheil, Shulman, and 
Alexander.” The possibility that inhalant allergy or allergy to bacteria or 
viruses might be equally responsible is disregarded. The ophthalmie reaction 
was used since, according to the observations of the participating allergist 
(Shulman'’’), skin testing with foods gives notoriously poor diagnostic re- 
sults. A delayed type of reaction was observed and reported by the patient to 
the physician. However well instructed and conscientious patients may be, it 
is hard to evaluate material so assembled. As a control, fifty normal persons 
were also eye-tested with four selected antigens frequently found to produce 
reactions in multiple sclerosis patients. According to these authors, oranges 
and the cereals (oats, wheat, and particularly rye) were unusually potent 
allergens, as revealed by positive ophthalmic tests; 77.8 per cent of their 
multiple sclerosis patients reacted to rye. It should be noted, however, that 
in one of the control groups allergic patients without multiple sclerosis, 69.6 
per cent, reacted to rye. This is an unusually high incidence of reaction to 
an allergen and one wonders whether or not the allergen, despite precautions, 
was not unusually irritating. Only 38 per cent in a second control group of 
nonallergic patients showed positive reactions. With such a relatively high 
incidence of positive reaction in control allergic patients without multiple 
sclerosis, it is difficult to assess the significance of these positive ophthalmic 
reactions. In addition to the ophthalmic test, skin tests were perfgrmed by 
the scratch method. A comparison, however, between the positive reactions 
obtained by skin tests and by eye tests revealed low parallelism. This is in- 
explicable and throws further doubt on the validity of either form of testing 
in multiple sclerosis patients. The investigation, however, was not limited to 
ophthalmic testing but included a thorough allergie history on a standardized 
form, a complete dietary analysis of each patient’s food intake on a standard- 
ized form, an examination of each patient’s nasal mucosa, and skin testing 
(scratch) with common foods as well as pollens. The ophthalmic tests were 
performed with twenty-five common foods. Among forty-nine eases of 
multiple sclerosis, adequately studied, a personal history of allergy was ob- 
tained in fourteen cases and a family history of allergy was reported in nine 
additional cases; 24.5 per cent of these patients showed positive reactions by 
scratch tests. Taking all these factors into consideration, 38.8 per cent of 
these cases could be labeled as being atopic, based on history and skin testing. 
The evaluation of improvement by Ehrentheil, Shulman, and Alexander 
was based on a rigid classification originally devised by Alexander and asso- 
ciates.°° This permitted, with some degree of accuracy, a measurement of the 
results of the therapeutic procedure, including the elimination of specific 
foods, based upon the ophthalmie reaction. In twelve instances, the deliberate, 
temporary introduction of these foods resulted in temporary exacerbations of 
symptoms, Although the results following the elimination of specific allergens 
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were startling in some instances, the over-all results were disappointing, (Of 
the forty-five patients placed on presumably allergen-free diets (based on 
testing), full remissions occurred in only three patients (6.7 per cent). In one 
of these, egg sensitivity may have had some relationship to the symptoms, 
Two patients (4.4 per cent) reported clinically significant remissions. Nine 
other patients (20 per cent) were classified as having shown clinically signifi- 
cant improvement. In one of these patients there was strong correlation be- 
tween ingestion of rye and neurological symptoms. A total of 31.1 per cent 
of these patients showed improvement through allergic management, as com- 
pared with 68.9 per cent who showed no improvement on such a regimen. 
When the suspected foods were deliberately ingested (the crucial test for 
evaluating whether a given food is an allergen), reactions were obtained in 
only twelve instances. Furthermore, there is no indication that the feeding 
tests were repeated. 

The authors” suggest that allergy may possibly be a nonspecific stress 
factor similar to that noted following intercurrent infections, trauma, or emo- 
tional upsets which also are considered to aggravate the course of multiple 
sclerosis. In their estimation, therefore, the role of allergy may be non- 
specific. This view is supported in large part by the observations of Squier,!” 
who states: ‘‘It has been my belief that inhalant or food allergy is not 
of primary importance in the etiology of multiple sclerosis. I think it is pos- 
sible and even probable that a patient who does have multiple sclerosis and 


also has clinical manifestations of allergy may have an aggravation of symp- 
toms or may have a period of remissions broken by an acute upset. I think, 
however, that such an untoward reaction is entirely secondary and any in- 
fluence exerted on the course of the disease probably is the result of general 
rather than specific effect.’’ Dr. Squier cites case reports, one in particular, 
where a patient who suffered from ragweed hay fever noted exacerbations of 
symptoms referable to multiple sclerosis during the hay fever season. 


DISCUSSION 


In reviewing the data presented by the allergist, immunologist, and pathol- 
ogist, it must be concluded that allergy may be an important factor in the pro- 
duction of multiple sclerosis and possibly in other demyelinative diseases. The 
strongest evidence comes from the immunologists, who have produced a variety 
of encephalopathies which, under controlled conditions, show clinical and 
pathologie pictures resembling multiple sclerosis. This was done, under condi- 
tions favorable to the production of a hypersensitive state, to mature brain 
tissue, to peripheral nerve containing myelin, or to both. It must be recalled 
that the results were achieved under unusual cireumstanees (prolonged courses of 
injections with antigens of nervous tissue or by use of such antigens with 
adjuvants) unencountered in clinical experience.*® *° %3-87- 4% 44 While the fact 
that sensitization to nervous tissue was produced in the experimental animal 
does not necessarily indicate that the same may be achieved in man, it strongly 
suggests such a possibility. More evidence for human sensitization is presented 
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by the occasional ease of encephalomyelitis encountered during the Pasteur treat- 
ment against rabies, in which phenolized virus is injected along with rabbit 
eord.22. Here, too, we have unusual circumstances under which pathologie 
changes are produced in the central nervous system by exposure to nervous 
tissue. These untoward reactions occur too infrequently to explain the relative 
frequency of multiple sclerosis. We can merely conclude that an allergic 
mechanism is capable of producing demyelinative disease. 

Immunologists have definitely implicated hypersensitivity to nervous tissue, 
heterologous or homologous, intimately associated with myelin, in the demyelina- 
tive process. The allergists, however, on rather tenuous grounds, have been 
looking for sensitivity in other areas—for example, to foods, inhalants, and 
molds. There seems to be no rationale for this belief, however, since the 
allergists have not shown that the ingestion of food produces anything resembling 
multiple sclerosis. It is agreed that the brain ean become sensitized and that 
common foods such as eggs, wheat, chocolate, milk, and pork can produce a 
variety of cerebral disorders, such as retrobulbar neuritis, migraine, Meniére’s 
syndrome, epilepsy, angioedema, narcolepsy, paralysis, and disturbances in 
cerebration.*” °* These phenomena are encountered rather infrequently in 
practice as true expressions of allergy and are reversible. Except for retro- 
bulbar neuritis, they can in no way be linked to multiple sclerosis other than 
as evidence that the brain can be an allergic shock organ. 

The search for clinical evidence to incriminate allergy in multiple sclerosis 
is, therefore, vexing because it is doubtful that the relevant allergen would be 
of an extrinsic nature (except perhaps the ingestion of nervous tissue in the 
form of food). Since the experimental evidence suggests sensitivity to nervous 
tissue itself in the demyelinative diseases, it would be more legical to test with 
antigens derived from this source rather than from foods, inhalants, ete. As 
a corollary, more suspicion should be directed toward sensitivity to ingested 
brain and possibly to nervous tissue containing myelin when meat is eaten. 
(Fish may not concern us, sinee its brain tissue fails to produce encephalo- 
myelitis experimentally.) Even if such sensitivity were to be demonstrated 
clinically, skin testing probably would be negative, since in experimental animals 
the presence of complement-fixing antibodies, rather than demonstrable reagins, 
has been shown.“* *7 

A delayed tuberculin type of reaction to brain tissue possibly has been 
demonstrated by Waksman and Morrison.*° Most investigators,***" ** ® how- 
ever, have reported no antibodies capable of passive transfer in either the 
serum or washings of lymph nodes or spleen and, therefore, positive skin test 
reactions are improbable. 

Allergy may play several roles in multiple sclerosis, but probably not as 
envisioned by the clinician who equates multiple sclerosis with known allergic 
disorders such as asthma, hay fever, ete. The usual allergic diseases, as sug- 
gested by Squier’? and by Ehrentheil, Shulman, and Alexander,’ possibly 
modify or aggravate the symptoms of multiple sclerosis in those patients who 
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are unfortunate enough to have both diseases. It is possible that allergy to 
foods and inhalants may be one of several components which together may 
produce demyelination ; this, however, has not been established. 

This view is based upon the observations of Burky,*? who showed that 
under certain circumstances autosensitivity can be induced by the injection of 
staphylococcus toxin. Swift and Schultz*’ °' also showed that, although the 
staphylococcus toxin produced autosensitivity readily, infection and sensitiza- 
tion with nonhemolytie streptococci deliberately induced in the animal, or the 
induction of allergy to horse serum, evoked the same response. The observa- 
tions of Rivers and Schwentker*® on the induction of sensitivity to brain tissue 
by simultaneous injection of such tissue with pig serum or with vaccine virus, 
or after brain had undergone autolysis, may be another manifestation of the 
Burky phenomenon. Is it possible that multiple sclerosis is a form of auto- 
sensitivity induced in the human being by a pre-existing allergie state such as 
the Swift-Schultz modification of the Burky phenomenon? The clinical evi- 
dence, as yet, is insufficient to associate multiple sclerosis with usual allergic 
diseases. It is difficult to assume the development of autosensitivity on the 
basis suggested in the absence of pre-existing and well-recognized allergic 
states, such as hay fever, asthma, ete. 

If we are to consider further the possible role of autosensitivity as an 
explanation for an allergic mechanism in multiple sclerosis, then it would seem 
pertinent to consider the role that infection may play in autosensitivity. 
Hypersensitivity has been shown to be developed after vaccine virus infection, 
as evinced by revaccination skin reaction; also after lymphogranuloma 
venereum infection, similarly detected by skin test. Influenza, measles, and 
herpes simplex viruses have also been implicated in inducing allergic states. 
Raffel''' indicates, in addition, that ‘‘continued investigation will reveal a 
widespread occurrence of this form of reactivity, probably in all infections 
caused by viruses.’’ Nor has multiple sclerosis been associated with recog- 
nized viral diseases. 

Stortebecker,* on the other hand, has implicated common bacterial infee- 
tions with staphylococci, streptococci, and coliform bacilli. He noted that such 
infections frequently preceded multiple sclerosis and that evidence of infection 
was suggested by studies of antistreptolysin and antistaphylolysin titers and 
coli agglutination reactions. Stoértebecker considered infection to be a pre- 
cipitating factor and suggested that bacterial sensitivity possibly is involved 
in the etiology of multiple sclerosis. 

Infection, bacterial or viral, may be implicated in other ways. It can in- 
duce autosensitivity (Burky phenomenon), which presumably could affect 
supposedly nonallergic persons. This may cause damage to myelin either by 
direct infection of nervous tissue or, indirectly, by toxin action which might 
release antigens capable of producing autosensitivity (following the pattern 
suggested by Rivers’ studies with autolysates of brain tissue). Jervis, Ferraro, 
Kopeloff, and Kopeloff,** who gave intracerebral injections of brain antigen, 
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postulated that damaged brain (from trauma induced by the injection) acted 
as a hapten to produce lesions in areas of the nervous system distant from the 
sites of injection. 

Kolb*S attempted to induce sensitivity to brain tissue by Burky’s method, 
employing staphylococcus toxin with rabbit brain emulsion. None of the 
thirty-five rabbits thus treated showed the dermal hypersensitivity to lens 
protein demonstrated by Burky, nor were precipitins to brain tissue demon- 
strable. Needling of the brain of sixteen of the rabbits did not cause demyelina- 
tion.** 

Despite these negative results, the possible role of autosensitivity in the pro- 
duction of demyelination needs further study. Autosensitivity has been so 
implicated in the experimental induction of encephalomyelitis that it cannot 
be ignored. The overwhelming evidence from experimental studies suggests 
going beyond the question of whether autosensitivity to nervous tissue can pro- 
duce demyelination to a consideration of whether this phenomenon oceurs in 
man without the use of adjuvants. 

Although the Arthus phenomenon, when experimentally produced in the 
brain, causes damage which might explain, in part, the demyelinative process, 
the mechanism involved (initial sensitization followed by direct intracerebral 
inoculation of the antigen) obviously cannot be reproduced clinically. Know- 
ing that sensitization to myelin and to its degenerative products has been in- 
duced, we can assume that nervous tissue contains the antigen and, therefore, 
no intracerebral inoculation is necessary. The antigen awaits a mechanism for 
its release. The experimentally induced Arthus phenomenon in the brain may 
be considered a highly exaggerated reaction of what may possibly proceed, 
clinically and pathologically, at a much slower pace. The type of antibody 
commonly associated with the Arthus phenomenon is the precipitin which has 
not been constantly demonstrable, however, in experimentally induced en- 
cephalomyelitis. To incriminate the Arthus phenomenon, we must first dis- 
cover the initial cause of the sensitization. Does it follow infection or damage 
to the central nervous system from other sources? 

Still another allergic mechanism experimentally capable of producing 
an Arthuslike reaction in the brain is the carotid syndrome of Forssman,*® 
which is based on the normal presence of antibodies in the organism, inelud- 
ing the central nervous system, and the introduction of specifie antigen which 
would have to be directed particularly toward the brain. For this mechanism 
there is no eclinical parallel or explanation, and its relation to multiple sclerosis 
is exceedingly doubtful. 


Ag yet there is no one explanation which encompasses all the facets of 
multiple sclerosis. We must go back, therefore, to the questions raised earlier: 
Why the difference in incidence associated with climate? Why the exacerba- 
tions and remissions? Why does the disease apparently spare the very young 
and the aged? 

Allergic mechanisms cannot explain the first question, since the ineidence 
of the recognized allergic disorders has no relation to climate. If, however, 
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Stértebecker’s* theory of the role of infection is valid, it might account for the 
greater incidence of multiple sclerosis in the northern climates because of the 
increased incidence of infections with streptococci and staphylococci. 





The allergic theory can explain the exacerbation and remission phenomena 
seen in multiple sclerosis (although there are other possible explanations, such 
as repeated infections or repeated exposures to anoxic or toxie agents). It 
might be presumed that it takes a certain period of time for antibody formation, 7 
during which interval no symptoms may be present (latency). Then, when suf- 
ficient antibody is produced to combine with antigen, an explosive-like reaction 
oceurs (exacerbation), in which the antigen is neutralized by the antibody, 
This might be followed by a period of remission, during which antigen, liberated 
as a result of damage to nervous tissue, produces more antibodies and the eycle 
is repeated and self-perpetuated. This is seen in experimental animals, in which, 
after an injection with brain tissue, explosive-like reactions seem to occur, with 
paralysis, blindness, or other symptoms suddenly appearing and then abating 
and recurring. 


Can allergy suggest why multiple sclerosis spares the young and the very 
old? The young may be spared since it has been demonstrated experimentally 
that only mature brain is capable of inducing encephalomyelitis. Here it may 
be added that very young mouse brain also fails to reveal proteolipide and this 
substance was shown by Olitsky and Tal,*® and Waksman and associates*® to be 
the encephalitogenie moiety of the central nervous tissue.’°* Another possible 
factor is an incubation period, the exact duration of which cannot be estimated, 
which may be so long as to spare the very young. Both factors may be involved 
—time for maturation of the brain and time for development of antibodies. As 
for the aged, they are known, judging by the clinical diseases of allergy, to have 
a lessened tendency to hypersensitivity. The possibility of sex hormone in- 
fluence is not to be overlooked, since multiple sclerosis rarely occurs before 
puberty and after menopause. 


Since experimental evidence indicates that most animals can become sensi- 
tized to homologous nervous tissue, and since Rivers and Sechwentker*’ have 
shown that autolyzed nervous tissue may act as an antigen without the use of 
adjuvants, it is possible, therefore, that any damage to the control nervous 
system may initiate a self-perpetuating autosensitivity. This postulates the 
possibility that anoxia, lipolytic action of enzymes, impairment of circulation, in- 
fection, or possible allergic cerebral or cerebrovascular reactions even to such 
common antigens as foods may be the first step in the initiation of a chain reac- 
tion involving autosensitivity. One minor reversible allergic reaction, theoret- 
ically, might damage the nervous system sufficiently to release antigen capable 
of inducing a self-perpetuating irreversible allergy—autosensitivity. Assuming 
the presence of two allergic mechanisms working in sequence, skin testing with 
the common antigens might, therefore, be of some value only in elucidating the 
first mechanism. The over-all implication of this theory, therefore, may be, as 
suggested by Kurland,” that multiple sclerosis is not a specific disease but rather 
a syndrome in which many etiological agents may be concerned and in which 
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several mechanisms may be involved—an initial damaging of the central nervous 
system with release of antigen associated with myelin, followed by autosensitiza- 


tion to nervous tissue. 


SUMMARY AND CONCLUSIONS 


Evidence presented by the allergist, immunologist, and pathologist has 
implicated allergy as a cause for multiple sclerosis. This evidence has been 
reviewed and the following conclusions seem justified : 

1. It is possible to produce in animals a clinical and pathologie condition re- 
sembling multiple sclerosis, by injections with extracts or emulsions of homo- 
logous or heterologous brain or cord tissue, with or without adjuvants. 

2. An allergic mechanism is apparently involved in the experimental pro- 
duction of encephalomyelitis. The antigen, not yet specifically identified, is 
intimately associated with myelin tissue. Homologous or heterologous nervous 
tissue may be antigenic. The use of Freund’s adjuvants, pertussis vaccine, and 
selections of strains of animals accelerate the development of experimental 
encephalomyelitis. 

3. The antibodies involved in experimental encephalomyelitis apparently 
are not capable of passive transfer. Thus far antibrain antibodies have been 
demonstrated repeatedly by complement fixation, and by precipitation or 
flocculation against brain antigen. No direct correlation has been shown be- 
tween the appearance and concentration of these antibodies and the appear- 
ance of symptoms in the animal. It may be that the specific antibody still awaits 
disclosure. 

4. Results of skin testing with the antigen from heterologous or homologous 
nervous tissue are inconclusive. 

5. There is no complete correlation between experimentally induced en- 
cephalomyelitis and multiple sclerosis, which it resembles. Presumably, they 
both may be mediated through an allergic mechanism. In experimental en- 
cephalomyelitis the allergen is ordinarily extrinsic and is introduced by injec- 
tion. In multiple sclerosis the mechanism remains obscure. Some evidence 
suggests autosensitivity, implying the release of a latent intrinsic allergen 
from brain tissue. 

6. The central nervous system is subject to a variety of allergic clinical 
disorders, traceable, as a rule, to extrinsic allergens and producing, ordinarily, 
reversible symptoms. In contrast, multiple sclerosis, as suggested by experi- 
mental studies, would be an irreversible allergic reaction. 

7. Experimentally, allergic reactions within the brain, such as the Arthus 
phenomenon or the carotid syndrome of Forssman, can produce demyelination, 
but these have no clinical correlation and indicate merely that allergy in the 
central nervous system may be a factor in demyelination. 

8. The development of specific tissue sensitivity (autosensitivity) as an 
explanation for multiple sclerosis has been considered. No mechanism for the 
clinical development of such an autosensitivity has been elucidated, however. 
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9. Infection (viral and bacterial) has been suggested as a factor in the 
liberation of the antigen from nervous tissue and the induction of autosensi- 
tivity which is self-perpetuating. Possibly, cerebral allergy, due to an extrinsic 
cause, may initiate a similar mechanism. 

10. Demyelination may be produced experimentally by mechanisms other 
than an antigen-antibody reaction. These include inflammatory reactions, 
cerebral anoxia, demyelinating enzymes, circulatory disturbances, and metabolic 
poisons (potassium cyanide, barbiturates). Multiple sclerosis, therefore, may be 
a syndrome due to a variety of causes, including an intrinsic type of allergy. 

11. The pathology of multiple sclerosis is compatible with, but not specific 
for, an underlying allergic mechanism. 

12. Clinical studies of the allergic aspect of multiple sclerosis have been few 
and inconclusive. An approach limited to a narrow concept of allergy (atopy, 
involving sensitivity to foods and inhalants, and giving immediate positive skin 
test reactions) has not been fruitful and is contrary to the evidence presented 
experimentally, which indicates that demyelination induced on an allergic basis 
is nonatopic and probably is a form of autosensitivity. 
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Announcements 


R. R. Coomss NAMED To EprroriAL Post 
Dr. R. R. Coombs, Assistant Director of Research in the Department of Pathology, 
University of Cambridge, has become editor-in-chief of the International Archives of Allergy 


and Applied Immunology. 


WILKES COLLEGE 
Wilkes College, Wilkes-Barre, Pennsylvania, has established within the Department of 
S . 
siology a research laboratory devoted to the study of experimental hyposensitivity and 
related immunologic studies. Sheldon G. Cohen, M.D., is serving as Director of the research 


project. 
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Book Reviews 





Manual of Clinical Mycology. By N. F. Conant, Ph.D., D. T. Smith, M.D., R. D, Baker, 
M.D., J. L. Callaway, M.D., and D. 8S, Martin, M.D., ed. 2, Philadelphia and London, 
W. B. Saunders Company, 1954, 456 pages. 


Practical Medical Mycology. By E. L. Keeney, M.D., Springfield, Tll., Charles C Thomas, 
1955, 145 pages. 





Both of these books offer the clinician valuable practical information on the diagnosis 
and treatment of mycotic diseases, a field with which the average practitioner has rela- 
tively little experience, and which is rendered formidable by cumbersome and often 
variable terminology and by a number of different organisms producing rather similar 
disease pictures, The book by Dr. Conant and his coauthors gives more complete coverage 
and is generously illustrated with 202 photographs showing clinical, pathologic, and 
mycologic aspects. Dr, Keeney’s book gives a briefer account of the subject. It is 
illustrated with diagrammatic presentations of the chief features of each disease which 
are graphic summaries but fail to show the necessary details. The latter book contains 
a brief chapter on fungus spores as allergens, but this is less complete than the treatment 
of the subject in most of the larger textbooks on allergy. 
















Cough Syncope. By Vincent J. Derbes, M.D., and Andrew Kerr, Jr., M.D., Springfield, Il., 
Charles C Thomas, 1955, 182 pages. Price, $4.75. 


The syndrome of syncope with loss of consciousness during a paroxysm of cough, 
sometimes designated as laryngeal vertigo, is discussed in detail. The authors have 
collected 255 reported cases from the literature and added 35 observed personally, The 
condition is said to be most common in middle-aged men, usually the ones who smoke and 
drink rather freely. Obesity, emphysema, and arteriosclerosis are believed to be pre- 
disposing factors. The possible physiologic basis is discussed fully without definite con- 
clusions. The authors favor a circulatory, as opposed to a neurogenic, mechanism, although 
tachycardia induced by a vagal reflex is believed to be a factor in some patients. The 
book contains a full bibliography and will be of interest to physicians treating patients 
afflicted with this syndrome. 








